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Yorkshire. 

1847.  Williams,  Biohard,  Patent  Shaft  Works,  Wednesbury. 

1859.  Williams,  Richard  Price,  Manchester  Sheffield  and  Lincolnshire  Railway, 
Engineer's  Office,  London  Road,  Manchester. 

1856.  WiUon,  Edward,  West  Midland  Railway,  Worcester. 

1858.  Wilson,  Edward  Brown,  86  Parliament  Street,  Westminster,  8.W. 

1859.  Wilson,  George,  Messrs.  Cammell  and  Co.,  Cyclops  Steel  Works,  Sheffield. 

1857.  Wilson,  John,  Spring  Works,  Hill  Top,  Westbromwich. 

1852.  Wilson,  Joseph  W.,  9  Buckingham  Street,  Strand,  London,  W.C. 
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1859.  Winter,  Thomas  Bradbury,  28  Moorgatte  Street,  London,  E.C. 

1858.  Wood,  Nicholas,  Hetton  Hall,  Hetton,  near  Fence  Houses. 

1848.  Woodhouse,  Henry,  London  and  North  Western  Railway,  Sta£ford. 
1851.  Woodhouse,  John  Thomas,  Midland  Road,  Derby. 

1861.  Woodhouse,  William  Henry,  28  Parliament  Street,  Westminster,  S.W. 
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Railway,  Lancaster. 
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1860.  Wright,  Joeeph,  Neptune  Works,  Tipton  Green,  Dudley. 

1859.  Wrigley,  Francis,  Queen's  Chambers,  5  Market  Street,  Manchester. 
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Newcastle-on-Tyne. 

1861.  Yule,  William,  Baird*s  Works,  St.  Petersburg. 

HONORARY  MEMBERS. 
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PfiOCEEDINGS. 


31  January,  1861. 


Hie  FoiTRTEEKTH  Annual  Qeneral  Meetiko  of  the  Members 
was  held  at  the  house  of  the  Institution,  Newhall  Street,  Birmingham, 
on  Thorsday,  3l8t  January,  1861  ;  Benjamin^  Fotherqill,  Esq., 
Vice-President,  in  the  Chair* 

The  Minntes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL. 

1861. 

The  Council  have  much  pleasure,  on  this  the  Fourteenth  Anni- 
Tersary  of  the  Institution,  in  congratulating  the  Members  on  the 
very  satiafactory  position  and  progpress  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  Slst  December,  1860,  shows  a  balance  in  the  Treasurer's 
hands  of  £1109  2^.  lid.,  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked  the 
receipts  and  payments  of  the  Institution  for  the  last  year  1860,  and 
report  that  the  following  balance  sheet  rendered  by  the  Treasurer 
is  correct. 

(See  Balance  Sheet  appended,) 

The  Council  report  with  great  satisfaction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  past  year ; 
the  total  number  of  Members  of  all  classes  for  the  year  beiug  428, 
of  whom  18  are  Honorary  Members,  and  2  are  Graduates  :  8  are  Life 
Members,  4  of  whom  have  been  added  during  the  past  year. 

0 
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The  following  deceases  of  Members  of  the  Institution  have  occurred 
during  the  past  year  1860  : — 

Charles  Gowper,     ....  London. 

WiLLLiM  B.  B.  Harvey,  .  Caloutta. 

Charles  May, London. 

Joseph  Miller,    ....  Carlisle. 

BoBERT  B.  Preston,  .  Liverpool. 

KOBERT  RUSSEL,    ....  Ijondondeny. 

Frank  W.  S.  West,  ....  Calcutta. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year,  and 
expressing  their  thanks  to  the  donors  for  the  valuable  and  acceptable 
additions  they  have  presented.  The  Council  wish  to  urge  on  the 
attention  of  the  Members  the  important  advantage  of  obtaining  a 
good  collection  of  Engineering  Books,  Drawings,  and  Models  in  the 
Institution,  for  the  purpose  of  reference  by  the  Members  personally 
or  by  correspondence;  and  they  trust  this  desirable  object  will  be 
promoted  by  the  Members  generally,  so  that  by  their  united  aid  it 
may  be  efficiently  accomplished. 

LIST  OF  BONATIONS  TO  THE  LIBRARY. 

Colleotion  of  Engineering  Drawings,  third  part ;  from  the  Eoole  Lnperiale  dee 

Fonts  et  Chaussees. 
Portrait  of  Robert  Stephenson ;  from  his  exeoutors. 
Third  Report  of  the  Commissioner  on  the  Internal  Communications  of  New 

South  Wales ;  from  Capt.  Martindale,  R.E. 
Report  on  Railway  Works  and  Railway  Extension  Contracts  in  New  South 

Wales;  from  Capt.  Martindale,  R.E. 
Report  of  the  Conmiissioner  of  Patents,  United  States,  1857  and  1858. 
Transactions  of  the  Institution  of  Civil  Engineers  of  Ireland,  from  the  com* 

mencement ;  from  the  Institution. 
Reports  of  the  Royal  Cornwall  Polytechnic  Society ;  from  the  Society. 
Journal  of  the  Royal  United  Service  Institution,  from  the  commencement ;  from 

the  Institution. 
Reports  of  the  Association  for  the  Prevention  of  Steam  Boiler  Explosions ;  from 

Mr.  H.  W.  Harman. 
Useful  Information  for  Engineers  (second  series),  by  William  Fairbaim;  from 

the  author. 
Elements  of  Mechanism,  by  T.  M.  Goodeve ;  from  the  author. 
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Stetm  on  Oommon  Boads,  by  C.  F.  T.  Young;  from  the  author. 

On  the  Working  and  Ventilation  of  Coal  Mines  in  Northumberland  and  Durham, 

by  Mi.  John  Wales ;  from  the  author. 
Steam  Boiler  Explosions,  by  Zerah  Ck>lbum ;  from  the  author. 
On  the  Thermodynamics  of  Elastic  Fluids,  by  Joseph  Gill ;  from  the  author. 
The  Screw  Propeller,  by  Robert  Wilson ;  from  the  author. 
Pxoceedings  of  the  Institution  of  Civil  Eng^eers ;  from  the  Institution. 
Bqiorto  of  the  British  Association  for  the  Advancement  of  Science;  from  the 

Association. 
Transactions  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 
Transactions  of  the  Institution  of  Engineers  in  Scotland ;  from  the  Institution. 
Transactions  of  the  Royal  Scottish  Society  of  Arts;  from  the  Society. 
Memoirs  of  the  literary  and  Philosophical  Society  of  Manchester ;  from  the 

Society. 
Journal  of  the  Society  of  Arts ;  from  the  Society. 
The  Engineer;  from  the  Editor. 
The  Hechanics*  Magasine;  from  the  Editor, 
The  Civil  Engineer  and  Architect's  Journal ;  from  the  Editor. 
The  London  Journal  of  Arts ;  from  the  Editor. 
The  Artiioin  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal ;  from  the  Editor. 
The  Mining  Journal;  from  the  Editor. 
The  BaOway  Record;  from  the  Editor. 
The  Steam  Shipping  Journal ;  from  the  Editor. 
Oziginal  Drawings  of  Boulton  and  Watt's  Pumping  Engine;  from  Mr.  William 

D.  Burlinson. 
Photographs  of  Westminster  New  Bridge  Works;    from  Mr.  Alexander  6. 

Cochrane  and  Mr.  John  Cochrane. 
Fhoiograph  of  Locomotive  Boiler;  from  Mr.  George  Alton. 
Specimens  of  Ironstone ;  from  Mr.  Samuel  H.  Blackwell. 
Sjpeeimens  of  Puddled  Bar  and  Bail  made  from  Cleveland  Pig  Iron;  from 

Mr.  Thomas  Snowdon. 
SpeeimeQ  of  Railway  Chair  and  Key;  from  Mr.  Edgar  G likes. 

The  Conncil  have  great  satisfaction  in  referring  to  the  number  of 
Papers  that  have  been  bronght  before  the  meetings  dnring  the  past 
jear,  and  the  practical  valne  and  interest  of  man  j  of  the  communications, 
which  form  a  yaluable  addition  to  the  Proceedings  of  the  Institution. 
Tlie  Council  request  the  special  attention  of  the  Members  to  the 
importanoe  of  their  aid  and  co-operation  in  carrying  out  the  objects  of 
the  Institution  and  maintaining  its  advanced  position ,  by  contributing 
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papers  on  Engineering  subjects  that  have  come  under  their  observation, 
and  communicating  the  particulars  and  results  of  executed  works  and 
practical  experiments  that  may  be  serviceable  and  interesting  to  the 
Members ;  and  thej  invite  communications  upon  the  subjects  in  the 
list  appended,  and  other  subjects  advantageous  to  the  Institution. 

The  following  Papers  have  been  read  at  the  meetings  during  the 
last  year : — 

Description  of  an  improved  Gas  Meter ;  by  Mr.  Alexander  Allan,  of  Perth. 
On  the  application  of  Superheated  Steam ;  by  Mr.  John  N.  Ryder,  of  London. 
On  Giffard's  Ii^eotor  for  feeding  steam  boilers;   by  Mr.  John  Robinson,  of 

Manchester. 
On  some  Regenerative  Hot-Blast  Stoves,  working  at  a  temperatare  of  1900^ 

Fahrenheit ;  by  Mr.  Edward  A.  Cowper,  of  London. 
On  Pinel's  Magnetic  Water  Gauge  for  steam  boilers ;  by  Mr.  Geoi^ge  Piggott,  of 

Birmingham. 
On  the  Ten  Yard  Coal  of  South  Staffordshire  and  the  mode  of  Working ;  by 

Mr.  William  Mathews,  of  Dudley. 
Description  of  a  method  of  Taking  Off  the  Waste  Gases  from  Blast  Furnaces ; 

by  Mr.  Charles  Cochrane,  of  Mlddlesborough. 
Description  of  a  Machine  for  Covering  Telegraph  Wires  with  India-rubber;  by 

Mr.  C.  William  Siemens,  of  London. 
On  the  Burning  of  Coal  instead  of  Coke  in  Locomotive  Engines ;  by  Mr.  Charles 

Markham,  of  Derby. 
Description  of  Aerts*  Water  Azlebox ;  by  Mr.  Sampson  Lloyd,  of  Wednesbury. 
On  a  new  process  of  Open  Coking ;  by  Mr.  Samuel  H.  Blackwell,  of  Dudley. 
Description  of  a  Machine  for  Drilling  instead  of  Punching  wrought  iron  plates ; 

by  Mr.  John  Cochrane,  of  Dudley. 
Description  of  the  Bound  Oak  Ironworks ;  by  Mr.  Frederick  Smith,  of  Brierley 

Hill. 
On  the  application  of  the  Decimal  System  of  Measurement  in  Boring  and 

Taming  Wheels  and  Axles ;  by  Mr.  John  Femie,  of  Derby. 
Description  of  Machinery  for  Crushing  Stone  for  macadamising  roads;  by 

Mr.  Charles  G.  Mountain,  of  Birmingham. 
On  Taking  0£f  the  Waste  Gas  from  Open-Topped  Blast  Furnaces ;  by  Mr.  Samuel 

Lloyd,  of  Wednesbury. 
Description  of  a  new  Safety  Coupling  for  Railway  Wagons;  by  Mr.  Charles 

Markham,  of  Derby. 
Description  of  a  Steam  Hammer  for  Light  Forgings ;  by  Mr.  Richard  Peacock, 
of  Manchester, 
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The  Ck>iincil  have  particular  pleasnre  in   referring  to  the  great 

success  attending  the  Annual  Provincial  Meeting  of  the  Institution  in 

Binningham  last  Bummer,  and  in  expressing  their  special  thanks  to 

the  Local  Conmuttee  and  the  Honorary  Local  Secretary,  Mr.  Walter 

May,  for  the  excellent  reception  that  was  given  to  the  Memhers  of 

the  Institution  on  that  occasion ;  and  they  look  forward  with  much 

confidence  to  the  important  advantages  arising  from  the  continuance 

of  these  Annual  Provincial  Meetings,  from  the  facilities  afforded  by 

them  for  the  personal  communication  of  the  Members  in  different 

districts  of  the  country,  and  the  opportunities  of  visiting  the  important 

Engineering  Works  that  are  so  liberally  thrown  open  to  their  inspection 

on  those  occasions. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 

Council  in  rotation,  will  go  out  of  office  this  day,  according  to  the 

roles  of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 

tnnnal  meeting  for  the  election  of  the  Officers  and  Council  for  the 

ensuing  year. 


SUBJECTS  FOR  PAPERS. 


Sham  Enoine  Boilebs,  partioulars  of  confitruction— form  and  extent  of  heating 
imfiue — ^relative  value  of  radiant  snrfaoe  in  effect  and  economy — cost — 
oonsamption  of  fuel— evaporation  of  water — ^presBure  of  steam — density  and 
hwt  of  steant— superheated  steam,  simple  or  mixed  with  common  steam — 
pnonre  guiges — safety  valves— water  gauges — explosion  of  boilers,  and 
nMDs  of  prevention— effects  of  beat  on  the  metal  of  boilers,  low  pieesare 
tnd  high  pressure — steel  boilers— inorustation  of  boilers,  and  means  of 
pnfeation— evaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke — ^moveable  grates,  and  smoke- 
ooDioming  apparatus,  facts  to  show  the  best  plan,  and  results  of  working — 
plans  lor  heating  feed  water— mode  of  feeding— circulation  of  water. 

taAX  Engines— expansive  force  of  steam,  and  best  means  of  using  it — ^power 
obtefaied  by  various  plans — comparison  of  double  and  single  cylinder 
tngines— combined  engines— compound  cylinder  engines — comparative 
adTaatages  of  direct-acting  and  beam  engines— engines  for  manufacturing 
pnpoaes— horizontal    and    vertical— condensing    and    non-condensing — 
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ii\jeotion  and  surface  oondensers— air  pomps — governors — ^yalves,  bearings, 
j&o. — ^improved  expansion  gear — indicator  diagrams  from  engines,  with 
details  of  useful  effect,  consumption  of  fuel,  &c.— contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

PuMPiKO  Ekoikes,  particulars  of  various  constructions — Comish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — sifse  of  steam  cylinder  and  degree  of  expansion — ^number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — ^pressure  upon  pump — 
effective  horse  power  and  duty— comparison  of  double-acting  and  single- 
acting  pumping  engines— construction  of  pumps«-plunger  pumps — ^bucket 
pumps — ^particular  details  of  different  valves — ^india-rubber  valves,  durability 
and  results  of  working— diagrams  of  lift  of  valves — application  of  pumps — 
fen-draining  engines— comparative  advantages  of  scoop  wheels  and  centri- 
fugal pumps,  lifting  trough,  &c. 

Blast  EKomES,  best  kind  of  engine—size  of  steam  cylinder,  strokes  per  minute, 
and  horse  poweiv— details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — ^pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— ^improvements  in  blast  cylinders — rotary  blowing  machines — vindicator 
diagrams  from  air  main  and  steam  cylinder. 

Marine  Engines,  power  of  engines  in  proportion  to  tonnage — different  con- 
structions of  engines,  double-cylinder  engines,  trunk  engines — use  of  steam 
jackets— dynamical  effect  compared  with  indicator  diagrams—  comparative 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-flue  boilers, 
&c. — ^brine  pumps,  and  means  of  preventing  deposit — salinometers —weight 
of  machinery  and  boilers — kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  kc. — screw 
propellers,  particulars  of  different  kinds.  Improvements  in  form  and  position, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm-governors. 

BoTART  Engines,  particulars  of  oonstruction  and  praotical  iq>plication— details 
of  results  of  working. 

Ixxx)HOTrvE  Engines,  particulars  of  oonstmction,  details  of  experiments,  and 
results  of  working— consumption  of  fuel — use  of  coal— consumption  of 
smoke — Cheating  surface,  length  and  diameter  of  tubes— material  of  tubes — 
experiments  on  size  of  tubes  and  blast  pipe— construction  of  pistons,  valve 
gear,  expansion  gear,  &c. — indicator  diagrams— expenses  of  working  and 
repairs— means  of  supplying  water  to  tenders. 

Agricultural  Engines,  details  of  oonstruction  and  results  of  working— duty 
obtained — application  of  machinery  and  steam  power  to  agricultural 
purposes — bam  machinery — field  implements — ^traction  engines,  particularB 
of  performance  and  cost  of  work  done. 
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Calosic  Esou^es — eDgines  worked  by  Gas,  or  explosive  componnds — Eleotro- 

mftgnetic  engines — ^particulaTs  and  results. 
Htdrauuc   Ekoutes,  paiiicalftrs  of  application  and  working— pressure  of 
water-~eon8traction  and  arrangement  of  yalvee,  relief  yalyes-H)onBtruction 
of  joints — ^hydranllo  rams. 
Wateb  Wheblb,  particulars  of  construction  and  dimensions — form  and  depth  of 
buekets— head  of  water,  Telocity,  percentage  of  power  obtained— turbines, 
ooDstniction  and  praetioal  application,  power  obtained,  comparative  effect 
and  economy. 
Won  MiLLB,  particularB  of  construction — number  of  sails,  surface  and  form  of 
saila— velocity,  and  power  obtained — average  number  of  days'  work  per 

OosK  Mills,  pariioolars  of  improvements — power  employed — application  of 
steam  power— results  of  working  with  an  air  blast  and  ring  stones — 

eiushing  by  rolls  before  grinding— advantages  of  regularity  of  motion. 
8CGAS  Mills,  particulars  of  construction  and  working — ^results  of  the  application 

of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 

for  extracting  the  last  portion  of  saccharine  matter— construction  and 

working  of  evaporating  pans. 
On.  Hills,  fiicts  relating  to  the  construction  and  working,  by  stampers,  by  screw 

prsBses,  and  by  hydraulic  pressea-^rtiottlarB  of  crushing  rollers  and  edge 

itones. 
Conos  Mills,  information  respecting  the  construction  and  arrangement  of  the 

naehinery'— power  employed,  and  application  of  power— cotton  presses, 

mode  of  construction  and  working,  power  employed — ^improvements  in 

spinning,  carding,  and  winding  machinery,  &c. 
Calioo-Prditino  and  Bleaghino  Machinery,  particulars  of  improvements. 
Wool  Hachinert,  carding,  combing,  roving,  spinning,  &;c. 
^tJkx  Machinert,  manufacture  of  flax  and  other  fibrous  materials,  both  in  the 

natunl  length  of  staple  and  when  cut. 
Saw  Hills,  particulara  of  construction — mode  of  driving — power  employed — 

particulars  of  work  done — ^best  speeds  for  vertical  and  circular  saws — form 

of  saw  teeth— flaw  mills  for  cutting  ship  timbers— veneer  saws — endless 

band  saws. 
W0QD.W0SXINO   Machines,  morticing,   planing,    rounding,  and  surfacing — 

Qopying  machinery. 
I^iHEs,  Planqto,  Boring,  Drillino,  and  Slottino  Machines,  &;c.,  particulars 

of  improvementa— description  of  new  self-aoting  tools — engineers*  tools — 

files  and  file-cutting  machinery. 
l^OLUXO  Mills,  improvemente  in  machinery  for  making  iron  and  steel— mode 

of  applying  power— use  of  steam  hammers— -piling  of  iron — plates->fancy 

sections'— arrangement  and  speed  of  rolls— length  of  bar  rolled — manufac- 
ture of  rolled  girders. 
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Steam  HAifOiERa,   improvements  in  construction,  and  application— friction 

hammera— air  hammers. 
RiVETTiNG,    PuNCHiNQ,  AND    SHEARING    MACHINES,  worked   bjT  steam   or 

hydraulic  pressure— direct-acting  and  lever  machines— comparative  slxengtb 

of  drilled  and  pimched  plates — rivet-making  machines. 
Stajiiping  and  Coining  Machinery,  particulars  of  improvements,  &c. 
Paper- Making  and  Paper-Ccttjng  Machines,  new  materials  and  results. 
Printing  Machines,  particulars  of  improvements,  &c. 
Water  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — velocity  of  piston— construction,  lift,  and  area  of  valves. 
Air  Pumps,  facts  relating  to  the  best  construction,  means  of  working,  and 

application — velocity  of  piston^  construction,  lift,  and  area  of  valves. 
Htdraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application— economical  limit  of  pressure. 

BOTART  AND  CENTRIFUGAL  PUMPS,  ditto  ditto  dlttO 

Fire  Engines,  hand  and  steam,  ditto  ditto  ditto 

Sluices  and  Slxhce  Cocks,  worked  by  hand  or  hydraulic  power,  ditto 

Cranes,  steam  cranes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cranes. 

Lifts  for  raising  railway  wagons— hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working — 
power  transmitted — method  of  moulding— strength  of  iron  and  wood  teeth. 

Driying  Belts  and  Straps,  best  make  and  material,  leather,  gutta  percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c. — comparative  durability, 
and  results  of  working — power  communicated  by  certain  sizes — frictional 
gearing,  construction  and  driving  power  obtained — ^friction  clutches — 
shafting  and  couplings. 

Dynamometers,  construction,  application,  and  results  of  working. 

Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machlner}', 
manufactures,  &o.— construction  of  measuring  instruments,  gauges,  &c. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &c. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — trolled  girders — best 
forms  and  proportions  of  girders  for  different  purposes — best  mixture  of 
metal — ^mixtures  of  wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds — ^best  plans  for  seasoning  and  pre- 
serving timber  and  cordage — ^results  of  various  processes— <M)mparative 
durability  of  timber  in  different  situations— experiments  on  actual  strength 
of  timber. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — ^means  of  keeping 
ships'  bottoms  clean — galvanic  action,  nature,  and  preventives. 
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Allots  of  Metals,  facts  relatiog  to  different  alloys. 

Fncnos  OF  tarious  Bodies,  facte  relating  to  friction  under  ordinary  circmn- 
stances — ^facts  on  increase  of  friction  by  reduction  of  surface  in  contact — 
friction  of  iron,  brass,  copper,  tin,  wood,  &c. — ^proportion  of  weight  to 
robbing  surface — ^best  forms  of  journals,  and  construction  of  axleboxes — 
wood  bearings — ^water  axleboxes—lubrication,  best  materials,  means  of 
application,  and  results  of  practical  trials— best  plans  for  oil  teste — friction 
breaks. 

laffs  BooFS,  particulars  of  construction  for  different  purposes— durability  in 
Tarious  climates  and  situations— -comparative  cost,  weight,  and  durability — 
rooCs  for  slips  of  cast  iron,  wrought  iron,  timber,  &c.— best  construction, 
form,  and  materials— details  of  large  roofs,  and  cost. 

FiBE-FEOOF  BirrLDiKQS,  particulars  of  construction— most  efficient  plan— results 
of  trials. 

Chdutet  Stacks  of  large  size — particulars,  form,  mode  of  building,  cheapest 
eonstruction,  &c. — force  of  draught,  and  temperature  of  current. 

Bkicks,  manufacture,  durability,  and  strength — hollow  bricks,  fire  bricks,  and 
fire  clay — perforated  bricks,  cost  of  manufacture,  and  advantages — dry  clay 
bricks — ^machines  for  brick  making — burning  of  bricks. 

Gas  Works,  best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  coals— oil  gas,  cheapest 
mode  of  making — water  gas,  &c. — improvements  in  purifiers,  condensers, 
and  gasholders — ^wet  and  dry  gas  meters — self-regulating  meters — pressure 
of  gas,  gas  exhauster — ^gas  pipes,  strength  and  durability,  and  construction 
of  joints — proportionate  diameter  and  length  of  gas  mains,  and  velocity 
of  the  passage  of  gas — experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure. 

Water  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working — ^proportionaie  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
streogth  and  durability  of  pipes,  and  construction  of  joints — penetration  of 
frost  in  different  climates — relative  advantages  of  stand  pipes  and  air 
vessels— water  meters,  construction  and  working. 

Well  Sikkiko,  and  Artesian  Wells,  facts  relating  to — boring  tools, 
constTQction  and  mode  of  using. 

TrssKLLFifG  MACHIKF.S,  particulars  of  construction  and  results  of  working. 

Coffer  Dams  asd  Piling,  facts  relating  to  the  construction — cast  iron  sheet 
piling. 

Hers,  fixed  and  floating,  and  pontoons,  ditto  ditto 

Pae  Driving  Apparatus,  particulars  of  improvements — use  of  steam  power 
— ^particulars  of  working— -weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — vacuum  piles — compressed  air  system — screw  piles. 

i> 
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Dredging  Machinkr,  particulars  of  improvements — application  of  dredging 
machines — power  required  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  construction. 

Lighthouses,  cast  iron  and  wrought  iron,         ditto  ditto 

Ships,  iron  and  wood— details  of  coqstruction — lines,  tonnage,  cost  per  ton — 
water  ballast. 

Mining  Operations,  facts  relating  to  mining — modes  of  working  and  propor- 
tionate yield — ^means  of  ventilating  mines— use  of  ventilating  machinery— 
safety .  lamps — lighting  mines  by  gas-^drainage  of  mines — ^sinking  pits — 
mode  of  raising  materials — safety  guides — winding  machinery — ^under- 
ground conveyance^mode  of  breaking,  pulverising,  and  sifting  various 
descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally — use 
of  gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder — 
arrangement  of  charges. 

Blast  Furnaces,  consumption  of  fuel  in  different  kinds — burden,  make,  and 
quality  of  metal — ^pressure  of  blast — horse  power  required— economy  of 
working — improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast— increased  temperature  of  blast — construction  and  working 
of  hot  blast  ovens — pyrometers — ^means  and  results  of  application  of  waste 
gas  from  close-topped  and  open-topped  furnaces. 

Puddling  Furnaces,  best  forms  and  construction — worked  with  coal,  char- 
coal, &c, — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

Converting  Furnaces,  construction  of  furnaces— manufacture  of  steel — 
casehardening,  &c. — converting  materials  employed. 

Smiths'  Forges,  best  construction— size  and  material — power  of  blast — hot 
blast,  &c.—  construction  of  tuyeres. 

Smiths'  Fans,  and  Fans  generally,  best  construction,  form  of  blades,  &c.— facts 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged—  size  and  construction  of  air  mains. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  ovens,  &c.—  open  coking — mixtures  of  coal  slack  and  other  materials — 
evaporative  power  of  different  varieties. 

Railways,  construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture— mode    of  testing    rails— experiments    on   rails,    deflection, 

» 

deterioration,  and  comparative  durability — material  and  form  of  sleepers, 

size,  and  distances — improvements  in  chairs,  keys,  and  joint  fastenings — 

permanent  way  for  hot  climates. 
Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working. 
Turntables,  particulars  of  various  constructions  and  improvements — engine 

tnni  tables. 
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SiGKALS  for  stationa  and  trains,  and  aelf-aoting  signals. 

Electric  Telegbamis,  improvements  in  conBtruction  and  insulation — coating 

of  wires — undergrotmd  and  submarine  cables — mode  of  laying. 
Railway  Cabriages  and  Wagons,  details  of  oonstruction— proportion  of  dead 

weight 
BjOAESfor  carriages  and  wagons,  best  construction— self-acting  breaks— con- 

tinaous  breaks. 
BurFESS  for  carriages,  &c.,  and  station  buffers — different  constructions  and 

materials. 
CocFLRrGS  for  carriages  and  wagons — safety  couplings. 
Sfkibos  for  carriages,  &c. — buffing,  bearing,  and  draw  springs— range,  and 

deflecUon  per  ton — particulars  of  .different  constructions  and  materials,  and 

results  of  working. 
Bailwat  Wheels,  wrought  iron,  cast  iron,  and  wood— particulars  of  different 

constractions,  and  results  of  working — comparative  expense  and  durability 

— wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 

—mode  of  fixing  tyres— manufacture  of  solid  wrought  iron  wheels. 
Bailwat  Axues,  best  descriptionf  form,  material,  and  mode  of  manufacture. 


The  oommiinioationB  should  be  written  on  foolscap  paper,  on  one  side  only 

of  each  page,  leaving  a  clear  mai^^in  on  the  left  side  for  binding,  and  they 

should  be  written  in  the  third  person.     The  drawings  illustrating  the  paper 

ihoold  be  on  a  IsTge  scale  and  strongly  coloured,  so  as  to  be  clearly  visible  to  the 

meetizig  at  the  time  of  reading  the  paper;  or  enlarged  diagrams  should  be 

added  for  the  illnstration  of  any  particular  portions  :  the  scale  of  each  drawing 

to  be  marked  upon  it. 


< 

o 

a 

o 

O 

H 
P 
H 

H 
GQ 

5ZJ 


a 

Q 


•C       »--     5-1     i-H     so     e»     CO     W     O     I'     -1     '    00 


o     lo   04   o   CO   1.0   CO   »A   o   XI   ^ 

^«DCOi-l  C0»0«->0 

CO  ^      i-t      1-H 


«o 


CO 


4S 

a 

a 


a  ^ 


CO 


o 

CO 

oo 


V 
o 
V 


CO 

.I" 


I? 


^3.1 


"3      'rt         ^^  m.       ^ 

^    1 1  I 


•5  8  ll  1 1 


J  g    M  is  j2  j3    o 
tc   O   W   fe   H   fri   fri 


GO 
I    C4 


o 

CO 
OD 


na»HOOOOOOCO.-< 

^5000000005^1 

••  ^  1-11-1 

CCGOl.'-^IO'*'^^-'-' 

M      1-H       t«.       l^       »-<       CI  !-•       1— I       n 

b-  O  •-<  ^1 


Si 

•H   ^ 

eco 

Oi    5    '^ 

^  2    8  »2 


CO 

00 

^1 

8 

I 


00 


a 


00 

I— • 

00 


a 
o 


CO 

a 


S  I  o 
-a  •§  s 

n  QQ  '€ 


a  o  ^ 

il  3  <s 

-♦  -*  ©^ 

a  g  a 

^  «fc  ^ 

III 

TS  "w  TJ 


a 

U3 


I 


00 


00 


I      §^1 
^^1 


I  g  a 

^  ^  i 

ill 


»4 


$ 


o 
o 

o 

i 


o 


1 


O 

o 

QQ 

PL4 

GQ 


CO 

00 


ANNUAL    ELECTION. 


13 


The  Chairman  moved  that  the  Report  of  the  Council  be  received 
and  adopted,  which  was  passed :  he  congratulated  the  Members  on 
the  flouriahing  position  and  successful  progress  of  the  Institution^^and 
thought  it  was  highly  gratifying  to  see  the  continued  increase  in  the 
number  of  Members  and  in  the  prosperity  of  the  Institution. 

The  Chaibman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
Officers  and  Members  of  Council  were  duly  elected  for  the  ensuing 
Tear : — 

m 

PRESIDENT. 

SiB  William  G.  Abmstrono,  Newcastle- on -Tyne. 

VICE-PRESIDENTS. 


Alexander  B.  Cochrane , 

Dudley. 

Jasces  Fenton,  .... 

Low  Moor. 

Henry  Maudslay,  . 

London. 

John  Penn,        .... 

London. 

JOHH    RaMSBOTTOM, 

Crewe. 

Joseph  VVhitworth,  . 

Manchester. 

COUNCIL* 

John  Anderson, 

Woolwich. 

Charles  F.   Beyeb,  . 

Manchester. 

ROBEBT    HaWTHOBN, 

Newcastle-  on-  lyne. 

James  Kitson,  .... 

Leeds. 

Walteb  May, 

Birmingham. 

WILLIAM    WBALLENS, 

Newcastle-  on  -  Tyne. 

Members  of  Council  remaining  in  office. 

Alexander  Allan, 

Perth. 

William  E.  Carrbtt, 

Leeds. 

Epwabd  a.  Cowper, 

London. 

JOHH    FeBNIE,      .... 

Derby. 

Edwabd  Jones, 

Wednesbury. 

Sampson  Lloyd, 

Wednesbury. 

C.  William  Siemens, 

London. 

Edwabd  Wilson, 

Worcester. 

Nicholas  Wood, 

Hetton. 
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TBBA8URER. 

Henry  Edmunds,        .  Birmingham. 

SECRETARY. 

William  P.  Marshall »  .  Birmingham. 


The  following  New  Members  were  also  elected  : — 

MEMBERS. 

Charles  Denton  Abbl, 
Harry  W.  Armitaoe,    . 
Henry  Bribrly, 
Charles  Dutton,   . 
Daniel  Joseph  Fleetwood, 
Edward  Forstbr,  . 
Alfred  Jones,  .... 
Ilo]|ERT  Charles  May,   . 
KoBERT  Porter, 
George  G.  Sanderson,  . 
James  Takgyb,  .... 
John  G.  Walker, 

honorary  member. 
Charles  Ratcliff,    .  Birmingham. 


London. 

Leeds. 

Manchester. 

Westbromwich. 

Birmingham. 

Westbromwich. 

Bilston. 

London. 

Birmingham. 

Rotherham. 

Birmingham. 

Dudley. 


The  following  paper  was  then  read  : — 
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DESCRIPTION  OF  THE 
BUDA  WROUGHT  IRON  LIGHTHOUSE. 


By  Mr.  JOHN  H.  PORTER,  or  Bikminohah. 


The  small  map  accompanying  the  drawings  of  the  Bada  Wrought 

Iron  Lighthouse,  Fig.  2,  Plate  2,  represents  the  outline  of  the  land 

near  the  moaths  of  the  river  Ebro  on  the  eastern  coast  of  Spain.    .It 

vill  be  seen  that  by  the  peculiarity  of  the  outline  of  this  portion  of  the 

coast  two  natural  harbours  of  refuge  are  formed :    that  lying  to  the 

north  is  called  Fangal,  and  that  to  the  south  Alfaques.     Midway 

between  these  the  river  Ebro  flows  in   two   channels    to   the   sea. 

Dividing  these  two  channels  of  the  Ebro,  and  formed  mainly  by  the 

detritus  brought  down  by  its  waters,   lies  the  flat  delta  called  the 

island  of  Buda. 

The  almost  unvarying  level  of  the  Mediterranean  is  here  bounded 
by  a  coast  so  flat  as  to  offer  but  slight  landmarks  for  the  guidance  of 
manners  seeking  the  mouths  of  the  Ebro  or  the  harbours  of  Fangal 
and  Alfaques.  The  Spanish  government  have  determined  to  erect  in 
this  locality  three  lighthouses :  a  leading  or  principal  light  of  the 
second  order  upon  the  north  eastern  extremity  of  the  island  of  Buda, 
as  shown  on  the  map;  a  light  of  the  third  order  upon  the  point  of 
Bsxia  covering  the  harbour  of  Alfaques ;  and  one  of  the  sixth  order 
upon  the  point  of  Fangal  protecting  the  harbour  of  that  name.  The 
two  smaller  are  fixed  lights,  while  that  of  the  Buda  lighthouse  is  a 
revolving  light  visible  at  a  distance  of  twenty  miles  and  producing 
bright  flashes  at  intervals  of  a  minute.  The  lighting  apparatus 
to«rether  with  the  lanterns  and  light  rooms  for  these  lighthouses  are 
being  mannfactnred  by  Messrs.  Chance,  who  have  kindly  furnished 
the  writer  with  some  details  of  their  construction,  that  this  description 
•/f  the  Bada  lighthouse  may  be  the  more  complete.  The  general 
d*»<ipnfi  for  these  lighthouses  were  furnished  by  Don  Lucio  del  Valle, 
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of  the  corps  of  Royal  Engineers  of  Spain ;  and  the  details  of  the 
construction  submitted  by  the  writer  for  his  approral  were  referred  to 
the  Direction  of  Public  Works  in  Spain  for  their  sanction. 

The  Buda  lighthouse  will  be  erected  on  the  margin  of  the  sea,  not 
actually  in  the  water,  but  so  close  that  in  very  stormy  weather  its  base 
may  be  washed  by  the  sea  and  spray.  Owing  to  the  sandy  nature  of 
the  ground  Mitcheirs  screw  piles  are  adopted  for  the  foundation  : 
eight  of  them  are  arranged  in  an  octagon  of  56  feet  diameter  and  a 
ninth  is  placed  in  the  centre.  Upon  the  top  of  the  piles,  starting  at 
about  3  feet  above  the  level  of  the  sea,  is  an  octagonal  pyramidal 
structure  of  open  ironwork,  150  feet  high  from  the  top  of  the  piles  to 
the  level  of  the  lantern  platform  at  the  summit,  as  shown  in  the 
general  elevation,  Fig.  1,  Plate  1. 

From  the  centre  pile  rises  a  hollow  cast  iron  column  to  a  height  of 
31  feet,  from  which  point  radiate  the  beams  that  support  the  platform 
of  the  dome- shaped  dwelling  house.  To  protect  this  platform  from 
the  violence  of  the  wind,  whieh  might  otherwise  act  with  great  force 
upon  its  under  surface,  an  inverted  cone  is  constructed  beneath, 
serving  also  as  a  receptacle  for  stores.  This  cone  was  suggested 
by  a  similar  arrangement  adopted  in  the  construction  of  the  small 
screw-pile  lighthouses  on  our  own  coasts,  such  as  the  Maplin  Sand 
lighthouse  near  the  mouth  of  the  Thames,  erected  about  twenty  years 
ago.  From  the  house  platform,  rising  through  the  dome  to  the 
lantern  platform  at  the  summit,  is  a  wrought  iron  cylindrical  tower 
enclosing  the  winding  staircase  by  which  the  keepers  ascend  to  the 
light. 

From  the  eight  external  piles  rise  eight  wrought  iron  pillars, 
converging  from  an  octagon  of  56  feet  diameter  at  the  base  to  one  of 
9  feet  10  inches  diameter  at  the  summit.  The  nine  supports  are 
united  horizontally  at  .ten  points  in  the  height  of  the  structure  by  sets 
of  horizontal  framing  adapted  for  resisting  compression  or  extension, 
the  intersection  of  which  with  the  uprights  forms  thus  a  series  of 
quadrilateral  spaces  in  the  sides  of  the  octagonal  pyramid  ;  and  these 
spaces  are  crossed  diagonally  by  round  tie  rods,  which  are  united  in  a 
centre  ring  to  admit  of  being  screwed  up  to  a  state  of  tension.      Other 
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tie  rods  radiate  obliquely  from  the  central  tower  to  the  external 

nprightSy  each  fitted  with  a  right  and  left  handed  screw  coupling,  and 

are  attached  to  the  tower  midway  betweei^  the  tiers  of  horizontal 

friming ;  eight  of  them  ascend  and  eight  descend  to  the  junctions  of 

the  framings  with  the  comer  pillars.     The  eight  ascending  rods  thus 

tana  in  connexion  with  the  horizontal  framing  under  compression  a 

STBtem  of  trussing  analogous  to  that  commonly  employed  in  the 

interior  of  gasholders,  and  so  distribute  their  portion  of  the  oentral 

load  upon  the  external  supports.     By  this  arrangement  the  weight  of 

the  central  tower  and  stairs  is  sustained  at  intervals  in  the  height  of 

the  structure  by  the  eight  comer  pillars,  and  but  slightly  by  the  dome 

or  hj  the  centre  pile.     The  sets  of  eight  descending  rods  assist  with 

other  portions  of  the  structure  in  preventing  any  distortion  of  the 

general  fabric. 

The  total  weight  of  the  superstmcture  including  the  lantern  is 
•hont  170  tons;  of  which  about  40  tons  are  upon  the  centre  pile, 
karing  from  16  to  17  tons  to  be  bonia  by  each  of  the  eight  comer 
pOes.  The  ground  in  which  the  foundations  have  to  be  placed  is 
indeed  a  sandbank  which  is  gradually  extending  itself  seawards ;  and 
akho'jgh  there  are  the  most  satisfactory  proofs  of  the  sustaining  or 
resisting  powers  of  the  screw  piles  under  similar  circumstances,  it  was 
thooght  well  to  have  ample  margin  for  contingencies ;  and  while  making 
the  superstructure  as  light  as  possible,  consistently  with  a  due  regard 
to  stability,  to  secure  by  means  of  a  maximum  of  screw  surface  and 
■tiength  of  pile  a  safeguard  against  inequalities  in  the  density  of  the 
nnd.  The  sustaining  power  of  the  screw  piles  in  a  foundation  of  sand 
lus  been  found  to  be  equal  in  tons  to  six  times  the  square  of  the 
&ineter  of  the  screw  in  feet ;  and  it  is  considered  that  a  load  in  tons 
of  at  least  five  times  the  square  of  the  diameter  in  feet  can  with  perfect 
ttfetf  be  placed  upon  a  screw  pile  under  such  circumstances.  This  in 
t^  ease  of  a  screw  of  4  feet  diameter  amounts  to  80  tons. 

For  the  Buda  lighthouse  the  screws  are  4  feet  diameter,  and  are 
fixed  iqK>n  piles  of  8  inches  diameter  entering  80  feet  into  the  sand, 
is  ehown  in  Fig.  1,  Plate  1,  and  enlarged  in  Figs.  9  and  12,  Plate  8. 
T^  piles  A  are  solid,,  of  hammered  iron,  forged  in  one  length ;  the 
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upper  ends,  Fig.  11,  are  reduced  to  7  inches  diameter  for  a  length  of 
22  inches,  at  which  point  a  collar  is  welded  to  the  body  of  the  8  inch 
pile,  on  which  rests  the  cast  iron  cap  B.  Figs.  8  to  11,  Plate  3,  show 
the  mode  in  which  the  wrought  iron  comer  pillars  C  are  stepped  upon 
the  pile  caps  £  in  connexion  with  the  horizontal  framing  of  girders  D 
at  the  base. 

The  arrangement  of  the  horizontal  framing  of  girders  at  the  base 
is  shown  in  plan  by  the  diagram,  Fig.  3,  Plate  2  :  Fig.  28,  Plate  6, 
shows  an  enlarged  section  of  the  girders  that  radiate  from  the  centre 
and  of  those  that  form  the  sides  of  the  octagon;  and  Fig.  29  is 
a  section  of  the  bracing  girders  which  are  framed  between  the  larger 
girders  and  form  the  inner  octagons.  The  girders  having  no  load 
to  sustain  are  made  with  but  small  sectional  area  in  their  upper 
and  lower  flanges.  Depth  was  considered  of  importance,  as  affording 
surface  for  rivetting  or  bolting  to  the  flanges  of  the  comer  pillars, 
and  as  securing  a  rigid  framework  at  the  base,  which,  together 
with  the  superincumbent  weight  thus  immoveablj  imposed,  should 
prevent  any  lateral  stress  upon  the  piles.  Moreover  these  systems 
of  rigid  horizontal  framing  tend,  in  conjunction  with  the  several 
pillars  they  are  so  completely  connected  with,  to  relieve  any  single 
pile  which  from  an  unexpected  weakness  in  its  foundation  of  sand 
might  stand  in  need  of  such  assistance:  a  contingency  however 
scarcely  to  be  supposed  probable,  when  the  dimensions  of  the  screw 
and  the  comparative  insignificance  of  the  load  are  considered.  The 
girders  of  the  base  are  of  puddled  steel,  manufactured  by  the  Mersey 
Steel  and  Iron  Company,  which  it  is  believed  will  be  less  affected  by 
corrosion  from  the  action  of  the  sea  water  and  atmosphere  than 
ordinary  iron ;  and  since,  with  a  view  to  rigidity  in  this  framework  of 
girders,  considerable  surface  occurs,  it  has  been  thought  desirable  to 
employ  a  material  of  closer  texture  and  more  highly  carbonised  than 
ordinary  wrought  iron  ;  the  more  so,  because  with  it  is  obtained  also  a 
superior  strength  and  toughness. 

The  connexion  of  the  radiating  girders  of  this  framing  with  the 
centre  pile  cap  and  with  the  cast  iron  column  springing  from  it  is 
shown  in  Figs.  13  and  16,  Plate  4,  and  enlarged  in  Figs.  21  and  22, 
Plate  5,  which  refer  also  to  the  connexion  of  corresponding  girders  in 
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the  snoceeding  stage  of  horizontal  framing,  from  which  springs  the 
base  of  the  cone  below  the  honse  platfonn.  The  junctions  of  the  cast 
iron  column  are  all  bored,  turned,  and  faced  in  the  lathe. 

Although  in  the  only  other  structure  of  this  nature  at  all 
comparable  in  point  of  dimensions,  namely  the  screw-pile  lighthouse 
erected  by  the  government  of  the  United  States  upon  the  Florida 
Beef,  the  principal  supports^^  consist  of  cast  iron  tubes,  it  was 
ooDsideTed  that  wrought  iron  was  preferable  for  the  pillars  of  the 
Bnda  lighthouse.  It  was  thought  that  for  such  a  purpose  there 
WIS  an  insecurity  in  so  brittle  a  material  as  cast  iron ;  that  it  was 
less  fitted  to  undergo  the  vibration  or  tremor  which  occasionally 
md  perhaps  to  a  certain  extent  generally  will  pervade  a  structure 
of  this  character  and  of  these  dimensions :  added  to  which  was 
a  consideration  of  the  inconvenience  that  would  result  from  the 
breakage  of  any  of  the  cast  iron  tubes  in  transit,  in  trans-shipment, 
or  in  erection  abroad.  Wrought  iron  was  therefore  determined 
i^Km,  and  next  came  the  consideration  of  the  best  form  in  which  to 
employ  it.  The  tubular  form,  whether  circular  or  angular,  was 
considered  to  have  a  disadvantage  in  not  affording  the  me^ns  of 
|votecting  the  interior  surface  of  the  iron  tube  from  corrosion.  It 
WIS  not  considered  an  economical  form  in  construction  for  such 
dhnensions  as  the  circumstances  seemed  to  require.  The  connexions  of 
the  aeveral  lengths  of  a  pillar  with  each  other  and  with  the  horizontal 
and  other  framing  seemed  to  be  attended  with  more  expense  and 
less  simplicity  in  detail  than  was  desirable.  The  solid  circular  form 
▼as  not  open  to  the  first  of  these  objections :  on  the  contrary  it 
presented  a  minimum  of  surface  fof  exposure  to  oxidation  and  for 
the  wind  to  act  upon,  both  points  of  advantage.  But  the  weight  of 
the  material  as  an  element  in  the  cost,  considering  the  dimensions 
that  would  have  been  necessary,  would  have  been  a  maximum,  and 
the  price  of  the  bars  per  ton  considerably  beyond  that  of  ordinary 
sues  of  bars  or  plates :  and  no  method  of  connecting  the  several 
kogths  seemed  economical  enough  to  counterbalance  the  effect  of 
the  first  cost  of  the  bars.  The  actual  expense  so  far  would  however 
hsre  been  considered  comparatively  unimportant  in  the  face  of  the 
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two  advantages  already  cited ;  bat  beyond  the  desiderata  of  immunity 
from  oxidation  and  a  minimmn  of  exposure  to  the  wind,  one  of  equal 
importance  was  that  of  convenient  surfaces  for  the  attachment  in  an 
immoveably  rigid  manner  of  the  series  of  horizontal  frames,  as  jrell 
as  simplicity  of  connexion  for  the  tension  bars  of  the  exterior  and 
centre.  The  provision  of  these  essential  points  with  a  solid  bar  of  at 
least  some  5  or  6  inches  diameter  seemed  attended  with  considerable 
expense :  clips  and  collars,  as  employed  in  structures  upon  a  smaller 
scale,  being  considered  insufficient. 

The  form  shown  in  the  enlarged  sections.  Figs.  25  and  26, 
Plate  6,  produced  by  rivetting  an  obtuse-angled  angle  iron  on  either 
side  of  a  wide  flat  bar,  seemed  to  combine  simplicity  and  economy 
in  the  manufacture  and  in  the  longitudinal  connexions,  with  lateral 
stifihess  in  the  pillar  itself  and  with  the  desired  facility  of  rigid 
connexion  with  the  other  portions  of  the  structure.  This  form  was 
ultimately  adopted  in  preference  to  the  solid  circular  form  shown  in 
Fig.  27.  The  angle  formed  by  the  two  angle  irons  rivetted  to  the 
flat  bar  corresponds  with  the  angle  of  the  octagon ;  thus  while  the 
centre  bar  presents  a  convenient  and  substantial  connexion  for  the 
radiating  girders,  the  side  flanges  afford  in  Jike  manner  a  convenient 
and  rigid  attachment  for  those  of  the  octagonal  frames. 

The  larger  section  of  pillar,  Fig.  25,  Plate  6,  consists  of  a  bar 
12  inches  by  1  inch,  with  angle  irons  of  4  inches  by  5  inches  and 
I  inch  thick  united  to  it  by  1  inch  rivets  spaced  6  inches  apart.  This 
section  is  carried  up  to  a  height  of  5  feet  above  the  level  of  the  house 
platform,  from  which  point  the  smaller  section  is  employed,  as  shown 
in  Fig.  26.  This  differs  from  the  former  only  in  the  centre  bar, 
which  is  reduced  to  9  inches  in  width.  There  is  thus  no  portion  of 
the  pillar  of  a  less  thickness  than  J  inch,  and  all  parts  of  it  can 
be  conveniently  inspected  after  erection,  and  carefully  scraped  and 
repainted  when  necessary.  The  surface  exposed  to  the  wind  is 
insignificant  considering  the  bracing  of  the  fabric  generally.  The 
flanged  structure  of  the  pillar  itself  contributes  greatly  to  its  stiffness 
in  all  directions,  while  its  sectional  area  of  24  .square  inches  in  the 
lower  portion  and  21  square  inches  in  the  upper  is  far  more  than 
necessary  for  resislting  the  forces  that  compress  it  in  the  direction  of 
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its  length.  The  connexion  of  the  seyeral  lengths  of  the  pillar  is 
very  simple :  the  angle  irons  break  joint  6  feet,  passing  respectively 
3  feet  abore  and  below  the  meeting  of  the  ends  of  the  centre  bar, 
ukd  coTer  plates  3  feet  long  are  nsed  at  the  junctions  of  the  angle 
irofDs  and  of  the  centre  bar. 

The  mode  of  attachment  of  the  horizontal  girders  to  the  comer 
piUtrs  is  shown  in  Figs.  17  to  20,  Plate  5,  in  two  different  stages  of 
lioiisontal  framing.  Figs.  17  and  18  show  the  attachment  in  the 
leeond  stage  of  horizontal  framing,  midway  between  the  base  and  the 
house  platform,  the  arrangement  of  the  girders  being  similar  to  that 
shown  in  the  diagram,  Fig.  3,  Plate  2.  Figs.  19  and  20  show  the 
attachment  immediately  above  the  house  dome,  where  the  arrangement 
of  the  framing  is  as  shown  in  the  plan,  Fig.  4.  Similar  arrangements 
of  horizontal  framing  are  adopted  for  the  succeeding  stages  above, 
with  slight  modifications  as  the  diameters  lessen ;  Fig.  5  representing 
the  smallest,  at  the  top.  Enlarged  sections  of  the  bars  that  compose 
these  frames  are  given  in  Figs.  34  to  40,  Plate  6 :  Figs.  34  to  37 
eoiresponding  with  the  plan.  Fig.  4r,  Plate  2,  above  the  house 
platfonn;  and  Figs.  38  to  40  with  the  plan,  Fig.  5,  at  the  top.  The 
eorved  braces  that  surround  the  central  staircase  tower  in  the  hori> 
sontal  framework  are  of  angle  iron,  Figs.  37  and  40,  Plate  6,  as  are 
also  those  that  connect  the  radiating  beams  with  the  exterior  octagonal 
frame. 

Fig.  6,  Plate  2,  is  a  diagram  of  the  arrangement  of  the  girders  in 
die  house  platform,  eidarged  sections  of  which  are  given  in  Figs.  31 
to  33,  Plate  6.  Fig.  31  is  a  section  of  the  radiating  girders,  the 
eoBDexion  of  which  with  the  top  of  >the  cast  iron  centre  column  is 
ilu^wn  in  Figs.  13  and  14,  Plate  4.  Fig.  32  is  a  section  of  the 
girders  connecting  the  eight  comer  pillars  and  receiving  the  ends  of 
the  intermediate  radiating  girders.  Fig.  33  is  a  section  of  the  girder 
it  the  base  of  the  dome,  having  the  web  plate  carried  up  above  the 
fevel  of  the  platfonn  for  the  purpose  of  excluding  from  the  floor  of  the 
iiouse  the  rain  water  that  will  fall  upon  the  platform  without.  Fig.  30 
is  a  section  of  one  of  the  ribs  of  the  house  dome. 
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The  reasons  for  adopting  the  dome  fonn  for  the  dwelling  hotuse  were 
that  the  eight  rihs  of  the  dome,  hraced  by  horizontal  framing  between 
and  by  the  radiating  beams  of  an  npper  floor,  assist  in  sustaining 
and  transferring  to  the  comer  pillars  a  portion  of  the  weight  of  the 
central  staircase  tower  and  stairs,  which  otherwise  would  augment  the 
load  upon  the  centre  pile.  The  dome  also  presents  a  small  amount  of 
surface  in  any  one  plane  for  the  wind  to  act  upon ;  and  is  a  form  well 
fitted  to  resist  a  shock :  it  admits  of  the  attachment  of  stays  or  braces 
between  the  ribs  and  the  comer  pillars  of  the  lighthouse,  as  shown  in 
Fig.  1,  Plate  1,  in  such  a  way  as  to  constitute  with  the  radiating 
beams  of  the  upper  floor  a  system  of  horizontal  bracing,  which 
contributes  to'  the  support  of  the  comer  pillars  and  of  the  dome 
itself.  Between  the  ribs  of  the  dome  horizontal  purlins  of  iron  and 
timber  receive  the  external  covering  of  corrugated  galvanized  iron  and 
the  inner  lining  of  match  boarding,  a  space  of  4  inches  being  left 
between  the  two  as  a  non-conductor.  At  the  crown  of  the  dome  and 
surrounding  the  staircase  tower  a  raised  skylight  fitted  with  moveable 
louvre  boards.  Fig.  1,  admits  light  to  the  small  upper  rooms  and 
affords  ventilation,  with  an  exit  for  the  air  that  in  hot  weather  may 
become  heated  between  the  inner  and  outer  covering ;  this  heated  air 
will  the  more  rapidly  pass  away,  as  small  apertures  near  the  base  of 
the  dome  give  admission  to  a  cooler  draught.  The  cone  beneath  the 
house  consists  of  eight  ribs  E,  Fig.  13,  Plate  4,  of  g  inch  plate 
8  inches  wide  with  angle  irons  rivetted  to  its  edge  of  a  suitable  angle 
for  the  octagonal  form ;  eight  intermediate  ribs  of  T  iron  3  inches  by 
6  inches  are  placed  between,  and  the  spaces  are  filled  by  plate  iron 
^  inch  thick,  stiffened  with  horizontal  angle  irons.  Within  this 
cone,  upon  a  set-off  F  cast  upon  the  central  column,  a  yrrought  plate 
iron  ring  receives  small  joists  of  angle  iron  G  in  pairs,  rivetted  at 
their  outer  extremities  to  the  principal  ribs  of  the  cone ;  and  between 
these  joist  bars  are  fitted  light  chequered  plates  of  cast  iron  to  form 
a  flooring. 

From  the  house  platform  immediately  above  the  cast  iron  centre 
column  rises  the  cylindrical  tower,  6|  feet  diameter,  containing  the 
circular  stairs,  Fig.  1,  Plate  1.     It  is  constructed  of  plate  iron  ^  inch 
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tluck,  aad  aboye  the  dome  of  the  house  the  plates  are  8  feet  2  inches 
in  length,  placed  yertically,  two  snch  lengths  corresponding  to  the 
distance  of  16  feet  4  inches  from  centre  to  centre  of  the  successive 
Btages  of  horizontal  framing.  Six  plates  in  width  form  the  circum- 
fereaoe  of  the  cylinder.  The  edges  of  the  plates  are  butted  on  all 
sides,  with  coyer  strips  on  the  exterior :  those  covering  the  horizontal 
joints  are  6  inches  wide  by  |  inch  thick ,  and  those  of  the  vertical 
joints  4  inches  by  g  inch.  Figs.  23  and  24,  Plate  5,  show  the 
attachment  of  the  horizontal  radiating  girders  to  the  staircase  tower, 
and  the  eight  ribs  of  the  house  dome  are  connected  to  it  by  a  similar 
ittachment.  The  circular  or  vrinding  stairs'  within  the  tower  are 
of  €ast  iron,  the  risers  and  treads  in  distinct  castings,  each  having 
an  eye  or  ring  socketing  into  the  other,  and  strung  upon  a  central 
tube  of  wrought  iron  2  inches  diameter :  the  outer  sides  of  the  treads 
are  bolted  to  the  plating  of  the  tower  by  four  ^  inch  bolts  and  nuts. 
At  eveiy  revolution  of  the  stairs  a  double  tread  or  landing  occurs ; 
and  in  the  three  upper  landings,  at  a  distance  of  2  feet  7  inches  from 
the  centre,  apertures  of  6  inches  diameter  are  made  for  the  descent 
of  the  weight  connected  with  the  clockwork  of  the  lighting  apparatus. 
The  lighting  apparatus  is  fixed  upon  a  pedestal  exactly  over 
the  centre  of  the  staircase  tower,  and  its  weight  being  considerable 
is  supported  by  four  plate  iron  beams  of  15  inches  depth  passing 
right  across,  rivet  ted  by  angle  plates  to  the  tower,  and  secured 
at  their  outer  extremities  between  the  angle  irons  of  the  external 
comer  pillars.  The  diagram  plan.  Fig.  7,  Plate  2,  shows  the 
arrangement  of  the  principal  framing  of  the  lantern  platform.  The 
carred  lines  within  the  angles  of  the  four  radiating  beams  at  the 
centre  represent  the  upper  angle  irons  diverted  from  the  webs  for 
the  purpose  of  stififening  this  portion  of  the  work,  and  with  the 
addition  of  a  wrought  iron  plate  rivetted  over  all,  as  shown  by  the 
dotted  lines,  providing  a  support  for  the  pedestal  of  the  light.  Four 
short  beams  of  the  same  depth  also  connect  the  tower  with  the  four 
remaining  comer  pillars.  The  angle  irons  of  these  eight  beams  are 
continned  outwards  beyond  the  comer  pillars  to  an  octagon  frame 
of  18  feet  diameter,  which  with  the  open  wrought  iron  railing 
innnoimting  it  forms  the  boundary  of  the  lantern  platform,  as  shown 
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in  Fig.  1,  Plate  1.  The  portion  of  the  platform  extending  beyond 
.  the  eight  comer  pillars  is  supported  by  eight  cnrved  T  iron  brackets, 
Fig.  1,  strongly  connected  between  the  angle  irons  of  the  pillars. 
The  flooring  of  the  lantern  platform  is  of  wrought  iron  chequered 
plates  1^  inch  thick,  rivetted  down  upon  the  radiating  beams,  upon 
the  horizontal  octagonal  framing,  and  upon  an  angle  iron  ring  that 
surrounds  the  upper  edge  of  the  staircase  tower. 

On  the  lantern  platform  is  the  light  room.  Fig.  1 ,  Plate  1 ,  7  feet 
high,  composed  of  twelve  cast  iron  panels.  On  the  top  of  these  panels 
is  fixed  a  cast  iron  soleplate  which  projects  about  12  inches  on  the 
outside  all  round,  forming  a  narrow  path  for  the  convenience  of  the 
light  keepers  in  cleaning  the  lantern.  The  lantern  is  8  feet  high 
and  composed  of  twelve  gun-metal  stanchions  bearing  a  gun-metal 
cornice,  upon  which  is  placed  a  double  dome  of  copper  fixed  upon 
eight  gun-metal  rafters.  The  lighting  apparatus  is  a  revolving  light 
of  the  dioptric  kind,  commonly  known  as  Fresners  system ;  and  is 
of  the  size  known  as  the  second  order. 

Referring  to  the  general  oonstruction  and  details  of  the  lighthouse 
as  now  described,  it  has  to  be  remarked  that  in  addition  to  a  rigid 
connexion  of  all  parts  of  the  structure  it  was  necessary  to  have  regard 
to  simplicity,  convenience,  and  safety  in  the  process  of  erecting 
abroad.  With  this  object  the  jointing  of  the  several  lengths  of  the 
external  comer  pillars  is  arranged  so  as  to  admit  of  each  stage  or  tier 
of  horizontal  framework  being  permanently  attached  to  the  pillars  at 
a  distance  of  5  feet  below  the  centres  of  their  joints.  The  lower 
angle  iron  ooverplate  is  thereby  some  6  inches  clear  above  the 
horizontal  framing,  each  stage  of  which  thus  afifords,  with  the  addition 
of  some  scaffold  boards,  a  most  secure  and  convenient  platform  to 
place  the  materials  on  for  proceeding  with  the  erection  of  tbe 
succeeding  lengths  of  the  external  pillars  and  central  tower.  The 
junctions  of  these  parts  of  the  structure  can  there  be  conveniently 
rivetted  and  bolted,  the  diagonal  tie  rods  attached  and  their  degree 
of  tension  adjusted  with  accuracy.  This  self-contained  substantial 
scaffolding  is  found  to  be  one  of  the  most  satisfactory  features  in  the 
design ;  and  the  central  staircase  tower  bding  raised  in  cylinders  of 
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8  feet  2  inches  length,  answering  to  a  complete  revolution  of  the 
stsire,  and  two  such  lengths  corresponding  exactly  with  the  spacing  of 
eacli  tier  of  framing  and  ties  above  the  honse  dome,  a  permanent  and 
Eeenre  means  of  ascending  and  descending  is  provided  as  the  work 
proceeds :  the  small  window  openings  admitting  at  the  same  time  of  a 
mm  passing  through  the  side  of  the  tower  to  the  platform  of  framing 
next  below  it.  This  special  advantage  will  moreover  always  exist 
for  the  inspection  of  all  parts  of  the  structure,  affording  the  same 
eoBTenienCe  for  painting  when  occasion  requires. 


Mr.   PoRTECL   observed  that  in  the   general   appearance    of  the 

ligbthouse  the  cone  tinder  the  house  platform  might  perhaps  convey 

the  idea  of  concentrating  the  weight  of  the  structure  upon  the  centre 

pile ;  but  this  was  not  the  case,  the  sole  object  of  the  conical  form  being 

to  break  the  upward  force  of  wind  underneath  the  flooring,  and  the 

libs  of  the  cone  were  simply  to  stiffen  the  plates  of  which  it  was 

composed.     Even  the  central  tower  containing  the  staircase  was  only 

partially  carried  by  the  centre  pile,  the  weight  being  mainly  ft-ansferred 

to  the  eight  outside  pillars  of  the  lighthouse  by  the  diagonal  trussing 

it  eaeh  of  the  horizontal  framings ;  and  by  this  mode  of  constructioii 

Acre  was  abundant  sustaining  power  for  carrying  the  entire  weight  of 

ihe  staircase  tower,  even  if  the  centre  pile  were  removed. 

Mr.  J.  Fentok  observed  that  the  main  horizontal  beams  in  each 
worse  of  framing  appeared  to  be  constructed  in  the  form  of  girders, 
though  described  as  merely  ties  between  the  corner  pillars ;  and  he 
«Bquired  what  was  the  reason  for  adoj^ting  the  girder  form,  instead  of 
s  tixnple  tube  with  a  bolt  through  it,  which  he  thought  would  have 
fe«n  the  direct  mode  of  resisting  the  strain  of  both  compression  and 
tefiflon  to  which  they  were  exposed. 

Mr.  PoETBR  said  the  horizontal  beams  were  not  girders  really,  as 
tJiere  was  no  load  upon  them,  but  were  merely  struts  and  ties  between 
the  comer  pillars ;  but  the  girder  form  of  construction,  as  shown  in 
the  drawings,  was  adopted  for  convenience  of  make,  and  because  it 
ifforded  room  for  convenient  attachment  to  the  other  parts  of  the 
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framing  by  rivetting.  The  depth  obtained  by  the  girder  form  had  also 
the  advantage  of  adding  to  the  diagonal  stiffness  of  each  face  of  the 
lighthouse,  by  increasing  the  rigidity  of  the  junctions  with  the  corner 
pillars  :  and  the  radiating  girders  in  each  tier  of  horizontal  framing 
were  also  made  of  the  same  deep  form,  to  increase  the  resistance  to 
transverse  vibration. 

Mr.  E.  A.  CowPBR  had  been  concerned  in  the  construction  of 
several  wrought  iron  lighthouses  of  smaller  size,  amongst  others  the 
Mucking  and  Sea  Heach  lighthouses  near  the  mouth  of  the  Thames, 
made  at  Messrs.  Fox  Henderson  and  Co.*s  works,  in  which  the  comer 
pillars  were  hollow  cylinders  of  wrought  iron,  about  10  inches  diameter, 
constructed  of  J  inch  plates  bent  round  and  rivetted  together  with 
a  butt  joint.  That  made  a  neat  looking  construction,  but  it  was 
certainly  expensive,  and  almost  impossible  to  paint  inside :  in  the 
construction  now  described  the  entire  surface  was  exposed  to  view  and 
accessible  for  painting.  He  thought  the  section  of  the  main  pillars 
seemed  rather  light,  considering  the  great  height  of  the  structure  ; 
probably  -some  metal  might  have  been  spared  out  of  the  horizontal 
framings  and  added  in  the  pillars  with  advantage. 

The  diagonal  bracing  was  a  most  excellent  system,  and  an  essential 
provision  in  such  a  construction.  The  Maplin  Band  lighthouse  was 
originally  designed  without  diagonal  stays ;  but  when  erected  it  was 
found  that,  though  strong  enough  vertically,  the  whole  rocked  and 
twisted  round  horizontally  when  a  moderate  force  was  exerted  at  the 
top  of  any  one  of  the  pillars  at  regular  intervals,  so  as  to  get  into 
time  with  the  vibration  of  the  stnicture ;  such  a  motion  might  have 
proved  fatal  to  its  stability,  and  diagonal  stays  were  therefore  added, 
as  in  the  lighthouse  now  described,  which  entirely  corrected  the  defect. 
He  thought  the  screw  piles  would  prove  a  valuable  means  of  conveniently 
obtaining  a  good  foundation  in  sand ;  but  would  have  preferred  however 
a  strong  heavy  cast  iron  sill  at  the  bottom,  bedded  in  a  mass  of 
concrete,  for  the  pillars  to  stand  in,  with  the  addition  of  strong 
diagonal  braces  starting  from  the  sill.  In  the  Bishop's  Hock  light- 
house near  the  Land's  End,  constructed  of  a  framework  with  cast 
iron  comer  pillars,  there  was  no  diagonal  bracing  for  the  first  12  feet 
high,    so  that  in    a   storm  shortly   after   it  was    erected   the  whole 
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lighthouse  had  twisted  round  and  the  pillars  broke  off  at  the  base. 
A  stone  ligbtliouse  was  now  being  built  in  its  place  at  a  greatly 
increased  cost,  whereas  the  original  iron  structure  might  have  been 
made  thoroughly  satisfactory  and  secure,  if  it  had  been  properly 
stiffened  with  diagonal  stays  starting  from  the  yery  foundation. 

Mr.  J-  Cochrane  thought  there  was  not  any  better  system  of 
bracing  than  that  shown  in  the  drawings,  in  which  it  appeared  to  be 
irell  carried  out ;  but  he  would  prefer  to  have  it  begin  from  the  very 
bottom,  by  the  addition  of  diagonal  braces  between  the  piles,  as  had 
been  suggested.  The  Sydenham  water  towers  were  constructed  in  a 
eimilir  manner,  only  that  instead  of  horizontal  bracing  a  horizontal 
wrought  iron  diaphragm  or  annular  plate  3  feet  wide  was  fixed  at 
each  tier  between  the  joints  of  the  columns,  which  served  to  stiffen 
tlie  whole  structure,  and  vertical  diagonal  bracing  was  used  as  well. 
He  enquired  what  saving  of  metal  was  effected  by  the  use  of  puddled 
steel  instead  of  iron  in  the  lowest  tier  of  the  lighthouse. 

Mr.  Porter  replied  that  the  weight  was  about  25  or  30  per  cent. 
less  i?ith  the  puddled  steel  than  it  would  have  been  with  iron,  for  the 
same  strength.  The  foundation  piles  rose  only  about  3  feet  above  the 
surOace  of  the  ground,  and  then  the  lowest  tier  of  horizontal  framing 
had  the  effect  of  staying  the  heads  of  the  piles  and  preventing  any 
nddng  or  twisting,  so  that  it  had  not  appeared  necessary  to  add  any 
diagonal  bracing  between  the  piles. 

Mr.  A.  Masselik  thought  the  construction  of  the  framing  was  rather 
too  light  for  so  high  a  structure,  and  there  would  be  a  considerable 
vibration  at  the  top :  he  had  felt  even  stone  lighthouses  vibrate  in  a 
gale  more  than  was  pleasant,  and  feared  the  effect  of  the  wind  would  be 
greater  in  the  present  instance,  with  a  heavy  weight  on  the  top  of  such 
a  high  and  light  tower.  The  highest  iron  lighthouse  previously 
erected  that  he  knew  of  was  only  112  feet  high,  but  this  was  150  feet 
b%h ;  and  the  weight  of  the  lantern  and  apparatus  at  the  top  would 
be  folly  10  tons,  which  he  thought  would  produce  a  great  tremor  on 
ill  the  joints  in  a  storm  of  wind,  having  a  tendency  to  make  it  insecure 
a^  some  years'  exposure.  Although  not  erected  actually  in  the 
water,  the  lighthouse  was  so  near  the  shore  as  to  be  within  reach  of 
the  water  in  a  gale  ;  and  there  might  be  a  possibiUty  of  a  wreck  or  a 
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piece  of  timber  being  carried  against  one  of  tbe  horizontal  struts  or 
one  of  the  corner  pillars,  and  breaking  it  by  the  violence  of  the  blow, 
when  there  would  be  imminent  danger  for  the  whole  structure.  He 
fully  concurred  in  the  importance  of  the  diagonal  tie  rods,  but 
thought  they  were  rather  small  in  section,  being  only  1 J  and  1  inch 
diameter  ;  and  if  a  few  were,  to  give  way  from  corrosion  or  other- 
wise, he  feared  the  remainder  would  suffer. 

For  the  lantern  platform  at  top  he  thought  an  inverted  cone  was 
as  desirable  as  for  the  house  platform  at  bottom,  to  break  the 
upward  force  of  the  wind ;  apd  this  would  also  improve  the  appear- 
ance by  making  it  look  less  slender  at  the  top.  The  lantern,  or  light 
room  was  a  12  sided  figure,  with  alternate  large  sides  about  3 J  feet 
wide  by  7-  feet  high,  thus  presenting  a  large  surface  for  the  wind 
to  act  upon. 

Mr.  F.  J.  Bra3iwell  remarked  that  the  stiffiiess  of  the  mode  of 
construction  adopted  in  the  lighthouse  was  shown  by  the  experience  of 
the  Crumlin  viaduct  in  South  Wales,  which  was  200  feet  high  with  a 
number  of  spans  of  150  feet  each,  the  railway  being  carried  on  four 
Warren's  truss  girders :  the  piers  were  bnilt  of  slender  cast  iron  Golnmns 
with  diagonal  bracing,  of  so  light  a  construction  that  they  appeared  at 
first  more  like  temporary  scapblding  than  permanent  piera,  and  the 
appearance  of  the  lighthouse  closely  resembled  them.  The  weight 
of  the  girders  and  the  passage  of  trains  on  the  viaduct  must  produce 
as  great  a  stress  upon  the  piers,  he  thought,  as  the  lantern  would  on 
the  4iop  of  the  lighthouse  of  only  three  quarters  the  height,  and  the 
action  of  the  wind  would  be  the  same  in  both  cas.es  ;  but  the  viaduct 
had  stood  secure  since  first  erected  several  years  ago,  and  therefore  he 
did  not  see  any  cause  for  alarm  in  the  slender  appearance  of  the  light- 
house. The  only  material  difference  that  he  noticed  was  that  the  piers 
at  Crumlin  were  fixed  on  the  solid  rock,  instead  of  on  piles  sunk 
in  sand. 

Mr.   C.   Mabkham  considered  the   Crumlin  viaduct,  was  not  an 

I 

analogous  case  to  the  lighthouse,  but  differed  from  the  latter  in  having 
the  piers  all  tied  together  longitudinally  by  the  girders  resting  on  the  top 
of  them,  which  effectually  prevented  any  vibration  of  the  piers  xinder 
the  rolling  motion  of  the  trains ;    whereas   the  lighthouse  was   an 
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isolated  tower,   carrying  a  heavy  weight  at  a  great  height  without 
being  steadied  by  any  extraneous  support. 

Mr.  F.   J.    Bramwbll  observed  that  although  the  piers  in  tlie 

Cnimlia  viaduct  were  strengthened  in  the  longitudinal  direction  by  the 

gtiders  at  top,   these  did  not   afford   any  aid  in   sustaining  them 

l&tenlly;    and  in  this  directioa  therefore  the  piers  were  in  as  exposed 

E  condition  aa  the  lighthouse,  being  subjected  to  the  full  action  of  the 

rad  when  blowing  up  or  down  the  valley  crossed  by  the  viaduct,  while 

Ihe  girders  at  top  presented  so  much  additional  surface  to  the  wind. 

Mi.  J.  Fbbkie  enqnir^d  how  the  several  lengths  of  the  main 
corner  pillars  in  the  lighthouse  were  connected  together  at  the 
jnactums,  so  as  not  to  cause  any  diqiinution  oi  strengsth  at  those  parts. 
Mr.  PoRTBR  replied  that  t^e  joint  of  oQe-  of  the  angle  irons 
eomposnig  the  pillar  was  made  3  feet  below  the-  joint  of  the  middle 
plate,  and  that  of  the  other  angle  iron  3  feet  above ;  cover  plates 
3  feet  long  were  added  on  the  face  of  each  angle  iron  at  the  joints,  and 
a  pair  of  the  same  length  at  the  joint  of  the  middle  plate,  making  the 
joiats  as  strong  as  the  rest  of  the  pillar.  There  was  now  about 
KK>  feet  height  erected  at  the  works,  which  the  members  would  be 
aUe  to  see  on  the  following  day. 

The  Chaibhak  thought  the  paper  was  one  of  much  interest  and 
Tslne,  describing  the  praptioal  applioation  of  open-  wrought  iron  work 
ia  a  fltroctntt  of  such  importance  and  magnitude^  In  connexion  with 
tiiia  subject  he  hoped  they  might  be  able  to  obtain  a  paper  on  the 
BMdttnical  arrangements  adopted  at  the  present  time  in  the  lighting  of 
li^Kthonses.  He  proposed  a  vote  of  thanks  to  Mr.  Porter  for  his 
PAper,  which  was  passed.  * 


The  following  paper,  communicated  through, Mr.  Edward  Jones  of 
Wednesbury,  was  then  read  : — 

*  .^inoe  the  meettng,  and  in  consequence  of  th^  suggestion  then  made  in  the 
<lifiCiudoii,  a  horizontal  fraroing  of  wrought  iron  girders  has  been  added,  fii:Ked 
^  the  piles  at  3  feet  below  the  surface  of -the  sand,  and  sitnlTar  in  construction 
u>  tint  at  Uw  top«  of  the  pileft. 
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ON  BENSON'S  HIGH  PRESSURE  STEAM  BOILER. 


By  Mb.  JOHN  JAMES  RUSSELL,  OP  Wednesbury, 


The  boiler  forming  the  subject  of  the  present  paper,  the  invention 
of  Mr.  Martin  Benson  of  Cincinnati,  U.S.,  was  described  at  a  former 
meeting  of  the  Institution,  in  a  paper  giving  the  particulars  of  the 
application  and  working  of  a  number  of  these  boilers  in  America,  where 
they  have  been  in  operation  from  three  to  four  years  and  about  50  of 
them  are  in  use  for  various  purposes.  (See  Proceedings  Inst.  M.  E., 
Nov.  1859.) 

A  boiler  of  this  construction  having  since  been  erected  at  the 
writer*  8  works  at  Wednesbury,  and  having  now  worked  satisfactorily 
for  ten  months,  the  fnrther  results  are  given  in  the  present  paper. 
This  boiler  lias  been  in  constant  work  during  the  whole  of  the 
time  with  entire  success,  driving  an  engine  of  60  indicated  horse 
power ;  and  the  writer  has  been  so  thoroughly  satisfied  mih  the  results 
and  the  correctness  of  the  principle  upon  which  the  boiler  is  constructed 
that  he  has  since  erected  a  second  and  larger  one  upon  the  same 
plan,  but  with  some  improvements  in  the  details  of  construction , 
results  of  experience  derived  from  the  former  boiler.  This  boiler  is 
now  at  work  on  the  same  premises,  and  is  shown  in  Figs.  1,2,  and  3, 
Plate  7.  Fig.  1  is  a  front  elevation,  showing  the  receiver  and 
circulating  pump  ;  Fig.  2  is  a  longitudinal  section  of  the  boiler,  and 
Fig.  3  a  transverse  section  at  right  angles  to  Fig.  2. 

The  boiler  proper  is  composed  entirely  of  tubes  A,  Fig.  2,  arranged 
in  a  series  of  horizontal  rows  over  the  fire.  BB  are  doorways  at  the 
front  and  back  of  the  boiler  for  fixing,  disconnecting,  and  taking  out 
the  tubes.  C,  Fig.  1,  is  the  water  and  steam  receiver  :  D  the  circu- 
lating pump,  which  draws  its  supply  of  water  from  the  receiver  C  and 
is  worked  by  the  small  donkey  engine  E  above.     F  is  the  main  supply 
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pipe  from  the  circalatiDg  pump,  to  which  the  lowest  tubes  of  each 
section  of  the  boiler  are  connected.  G  is  the  main  delivery  pipe,  to 
vMch  the  top  tubes  of  each  section  are  joined,  and  into  which  the 
witer  and  steam  together  are  deliyered  from  the  tubes  and  thence 
discharged  into  tlie  upper  part  of  the  receiver  C. 

The  circulating  pump  D  is  shown  enlarged  in  Fig.  10,  Plate  9, 
■fid  is  a  simple  direct- acting  pump  with  a  metallic  packed  piston  j 
constructed  with  a  single  slide  valve  H  instead  of  suction  and  delivery 
Tahes,  so  that  it  is  certain  and  constant  in  its  action ;  the  slide  valve  is 
made  without  any  lap  or  lead,  and  thus  agrees  exactly  with  the  motion 
of  the  piston.  The  pump  draws  its  supply  of  water  from  the  receiver 
throngh  the  ordinary  exhaust  port  I  running  round  the  cylinder,  and 
discharges  it  by  the  outlet  pipe  E,  forcing  it  into  the  tubes  through 
tbe  pipe  F,  Fig.  1.  The  steam  generated  in  the  tubes  is  driven  up 
with  the  water  through  the  tubes  and  discharged  through  the  pipe  G 
into  the  receiver  C,  where  the  steam  and  water  are  separated ;  and  the 
water  is  then  again  taken  by  the  circulating  pump  and  returned  into 
the  tubes.  In  starting  the  boiler  the  receiver  is  supplied  with  water 
antil  its  level  reaches  the  fifth  or  sixth  row  of  tubes  from  the  bottom, 
as  shown  by  the  dotted  line  in  Fig.  1 ;  as  the  circulating  pump  is 
standing  still  at  first  in  consequence  of  having  no  steam  to  work  it, 
the  slide  valve  H,  Fig.  10,  is  allowed  to  be  lifted  off  its  face  by  the. 
pressure  of  the  water,  and  lets  the  water  flow  past  the  pump  direct 
through  into  the  tubes.  The  fire  is  then  lighted  and  steam  raised  from 
tlie  water  in  the  tubes,  which  starts  the  circulating  pump  to  work. 

More  water  is  forced  through  the  tubes  by  the  circulating  pump 
tJian  is  evaporated  in  them.  The  circulating  pump  of  the  boiler  now 
Qsed  for  ten  months  is  double-acting,  6  inches  in  diameter  with  9  inches 
stroke,  and  makes  40  revolutions  per  minute  against  a  resistance  of 
from  7  to  10  lbs,  pressure  per  square  inch  ;  the  power  required  to  work 
it  is  therefore  about  J  horse  power  including  the  friction  of  the  pump. 
At  this  speed  it  forces  through  the  boiler  from  9  to  11  times  as 
vnxch  water  as  is  evaporated,  which  has  been  found  too  much  to  get 
the  greatest  efficiency  of  the  boiler ;  and  from  6  to  8  times  the 
^loantity  evaporated  is  considered  about  the  proper  proportion.     In 
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this  instance  owing  to  the  construction  of  the  donkey  engine  ike  pmnp 
cannot  be  wx)rked  at  less  than  40  revolutionis  per  minute,  at  which 
speed  it  is  fully  capable  of  supplying  a  100  horse  power  boileir  at  ordinary 
working  pressures,  instead  of  one  of  only  60  horse  power.  With  high 
pressure  steam  superheated  and  worked  expansirely,  the  pnmp  in  large 
enough  for  a  150  horse  power  boiler,  in  which  case  |^rd  per  cent, 
or  -r&Tfth  of  the  whole  power  produced  is  all  that  is  required  for  working 
the  circulating  pump  ;  and  with  the  improved  circular  bends  that  have 
now  been  adopted  for  uniting  the  ends  of  the  tubes  in  the  boiler  there 
is  reason  to  expect  the  circulation  can  be  maintained  with  much  less 
power.  No  more  power  is  required  to  work  the  pump  with  80  and 
100  lbs.  steam  than  with  20  lbs.,  since  the  pressure  is  the  same  on  both 
sides  of  the  piston  and  the  only  resistance  to  be  overcome  is  the 
friction  of  the  water  in  the  tubes,  which  of  course  is  increased  in 
proportion  to  the  speed ;  with  the  boiler  now  at  work  the  resistance 
on  the  piston  at  the  proper  speed  does  not  exceed  7  to  10  lbs.  per 
square  inch.  Originally  the  delivery  pipe  G,  Kg.  2,  into  which  the 
steam  and  water  f^otn  the  tubes  are  discharged,  was  only  5  inches 
diameter  inside,  which  was  found  too  small ;  in  the  present  boiler  it 
has  been  made  10  inches  diameter.  The  receiver  0  is  supplied  with 
feed  water  by  one  of  Giffard's  injectors  L,  Fig.  1,  instead  of  an  ordinary 
feed  pump. 

It  was  originally  supposed  that  the  mechanical  circulation  of  the 
water  with  9  to  11  times  more  water  forced  through  the  tubes  than  is 
evaporated  would  be  sufficient  to  prevent  deposit,  by  keeping  them 
washed  out  clean  ;  and  this  is  the  case  to  a  certain  extent,  as  all  loose 
matter  is  washed  by  the  circulation  from  the  tubes  into  the  receiver. 
Borne  incrustation  however  does  take  place,  but  not  sufficient  to  present 
any  practical  difficulty  or  cause  any  damage  to  the  tubes.  One  of 
the  tubes  from  the  fijst  boiler  is  exhibited  as  a  specimen,  showing  the 
amount  of  deposit  that  has  been  formed  during  the  ten  months  it  has 
been  in  use.  The  deposit  is  greatest  in  the  lower  tubes  of  the  boiler, 
and  decreases  in  the  upper  rows :  practically  it  is  prevented  from 
accumulating  so  thick  as  to  cause  the  tubes  to  be  injured  by  the  heat, 
since  it  becomes  cracked  and  loosened  from  the  tubes  by  their  alternate 
expansion  and  contraction  under  the  varying  temperature  of  the  fire. 
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At  times  also  nearly  all  the  water  is  worked  out  of  the  tubes  so  as  to 
let  ihem  get  quite  hot,  but  not  hot  enough  to  cause  injury  by  over- 
heating; and  when  the  deposit  is  thus  loosened  in  the  tubes  it  is 
vsshed  out  into  the  receiver  by  the  circulation  of  the  water.  The  dirt 
and  scale  are  cleared  out  of  the  receiver  by  a  blow-off  cock,  which  is 
opened  for  blowing  off  two  or  three  times  a  day.  It  takes  about 
a  qoirter  of  a  minute  to  free  the  blow-off  cock  from  the  deposit  lodged 
in  the  receiver  before  a  full  body  of  water  issues  from  it.  Pieces  of 
deposit  are  blown  off  which  have  a  circular  form,  showing  that  they 
hare  been  formed  in  the  tubes  and  then  scaled  off  and  washed  into  the 
recdver.  The  semicircular  form  of  the  bends  uniting  the  ends  of 
the  tnbes  prevents  any  incrustation  lodging  in  them  by  giving  an 
Qnobstmcted  passage. 

The  mode  of  uniting  the  tubes  together  in  the  former  boilers  of 
this  construction  was  with  right  and  left  handed  screws  cut  on  the  ends 
of  the  tnbes  and  screwed  into  the  bends  :  but  this  make  required  an 
entire  section  of  the  boiler  to  be  taken  out  when  a  new  tube  had  to  be 
pnt  in ;  and  with  large  boilers  this  is  too  much  trouble,  owing  to 
weight,  difficulty  of  handling,  and  the  impossibility  of  unscrewing 
many  of  the  tnbes  in  the  bends  after  they  have  once  been  screwed  up 
and  pnt  to  work.  To  meet  these  difficulties  a  new  form  of  bend  has 
t-een  made  in  the  present  boiler,  which  admits  of  any  one  of  the  tubes 
in  any  part  of  the  boiler  being  taken  out,  without  removing  that 
section  of  the  boiler  or  interfering  with  any  other  joints  than  those 
of  the  tube  to  be  removed.  Figs.  4,  5,  8,  and  9,  Plate  8,  show 
enlarged  views  of  the  improved  bends.  Instead  of  screwing  the  ends 
of  the  tubes  they  are  made  with  collars  of  suitable  size  welded  on, 
and  the  ends  of  the  bends  are  recessed  out  to  receive  them :  the  bends 
are  brought  up  tight  against  the  collars  on  the  tubes  by  the  centre 
Mrew  bolt  M,  Fig.  8,  which  passes  through  a  hole  in  the  bend  in  line 
vith  the  centres  of  the  two  tubes,  and  is  screwed  into  the  crossbar  N 
^•earing  against  the  outside  face  of  the  collars.  The  passage  through 
the  bend  is  made  on  one  side  of  the  fixing  bolt,  Fig.  9,  to  prevent  it 
from  obstrndang  the  flow  of  steam  and  water.  By  this  plan  any  of 
the  bends  can  be  taken  off  through  the  doorways  at  the  front  and  back 
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of  Ule  boiler,  and  any  tube  can  be  taken  out  and  replaced.  Tke  ends 
of  the  tubes  are  passed  through  t^e  end  bearing  plates  PP,  Figs. 
4  and  5,  which  serve  also  as  shield  plates  to  protect  the  cast  iron 
bends  from  the  heat  of  die  fire ;  these  plates  rest  on  the  walle  of  ^e 
furnace,  or  are  siispended  at  the  top  from  the  girders  Q,  as  in  Fig.  2. 
Figs.  6  and  7,  Plate^  8,  show  the  mode  of  joining  the  tubes  to  the  main 
supply  and  delivery  pipes,  whi^h  is  done  in  a  similar  manner  by  collars 
upon  the  ende  of  the  tubes  fitting  into  recesses  in  the  main  pipes  and 
held  up  tight  by  a  erossbar  N  and  stud  bolt.  By  having  valves 
for  cutting  off  the  communication  between  the  receiver  and  tubes,  the 
steam  and  water  can  be  retained  in  the  receiver  during  the  time  of 
removing  a  tube  ;  and  when  distilled  wator  from  a  surface  condenser 
is  used  in  the  boiler,  the  water  can  by  this  means  be  saved  if  a  tube 
should  burst,  and  shut  off  from  the  boiler  while  the  repairs  are  done. 

The  special  advantage  of  this  boiler  is  that  steam  of  high  pressure 
is  generated  in  it  with  greater  safety  than  steam  of  low  pressure  in 
ordinary  boilers.  Its  construction  ensures  almost  perfect  saf^y :  for 
the  receiver  C,  Fig.  1 ,  Plate  7,  the  only  portion  containing  any  quantity 
of  steam  and  water  capable  of  causing  damage  by  explosion,  is  of  the 
strongest  form  for  resisting  pressure,  of  simple  construction,  and 
removed  from  the  action  of  the  fire,  so  that  it  is  entirely  free  from  the 
hijurious  effects  of  overheating  and  the  alterations  of  expansion  and 
contraction,  which  are  considered  to  be  the  cause  of  so  many  injuries 
and  explosions  of  ordinary  boilers.  The  only  portion  of  the  boiler 
exposed  to  the  fire  is  the  tubes,  which  are  of  such  small  capacity  that 
their  explosion  is  incapable  of  doing  any  damage  and  can  only  cause 
the  fire  to  be  put  out  by  the  water  escaping  from  them.  This  has 
been  confirmed  by  the  experience  with  the  boiler  at  the  writer's  works, 
where  a  tube  has  burst  on  more  than  one  occasion,  whilst  the 
boiler  and  engine  were  at  work ;  and  the  effect  was  so  small  that  the 
accident  was  not  immediately  perceived,  until  shown  by  the  loss  of 
steam  pressure,  the  steam  and  water  blowing  out  upon  the  fire  through 
the  leak  in  the  split  tube  and  putting  it  out.  The  advantages  of  high 
pressure  steam  are  now  generally  recognised :  but  a  much  higher 
pressure  than  can  be  obtained  in  ordinary  boilers  and  superheating  of 
the  steam  are  required  to  develop  these  advantages  fully,  by  cutting  off 
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^  steam  earlier  with  a  higher  degree  of  expansion.  The  economy  of 
expansion  is  now  limited  by  the  weakness  of  boilers  in  general  use  ; 
and  a  large  increase  of  eoonootj  may  be  obtained  if  much  higher 
pteanres  can  be  safely  used. 

The  leading  fbatore  of  this  boiler  is  the  nse  of  the  droulating 
pomp,  to  maintain  a  constant  and  regalar  circulation  of  the  water 
tiiroiigh  the  entire  set  of  tabes  forming  the  heating  surface  of  the 
boiler.  This  principle  of  mechanical  circulation  is  found  essential  in 
ordo'  to  carry  oat  completely  ihe  idea  of  a  tubular  boiler,  in  which  the 
beating  snrfisce  consists  entirely  of  the  tubes  having  the  pressure 
mtemal,  and  thereby  attaining  a  maximum  of  strength  and  safety  with 
a  minimnm  of  material.  The  rapid  g^neraticni  of  steam  in  the  lower 
portion  of  such  a  boiler  would  so  far  choke  the  passage  of  the  tubes  as 
to  diedc  the  natural  circulation  of  the  water  and  cause  the  tubes  to  be 
rapidly  burnt  out.  The  objection  arising  at  first  against  the  adoption 
of  artificial  or  forced  circulation  instead  of  natural, — that  it  is  not 
Belf<-actiiig  and  may  therefore  be  liable  to  cause  interruption  to  the 
working  of  the  boiler,— has  been  satisfactorily  proved  by  the  results  Of 
the  continued  working  of  this  boiler  to  be  practically  met  by  the 
limplidty  of  construction  of  the  circulating  pump,  as  shown  in  Fig.  1 0, 
Plate  9,  previously  described.  During  the  ten  months  that  the  boiler 
has  been  in  continual  work  the  circulating  pump  has  always  worked 
veil,  and  never  given  any  trouble  except  from  causes  fore!ign  to  its 
principle  of  working ;  such  as  the  water  freezing  in  it  and  breaking 
ii,  which  occurred  once  during  the  late  severe  frost.  In  first 
nising  steam  in  the  boiler  no  difficulty  is  experienced  from  the 
drailatittg  pump  not  being  at  work,  since  the  tubes  do  not  require 
cixcalation  of  the  water  until  steam  is  raised,  and  the  pump  then 
•tets  with  a  small  pressure  of  steam,  so  little  power  being  inquired 
to  work  it. 

The  portability  of  this  boiler  is  an  important  practical  advantage 
ior  several  cases  of  appUoation*  The  lai^est  piece,  the  receiver,  is 
OB^  one  tenth  the  size  of  ati  ordinary  boiler  of  the  same  power  ;  and 
the  tohes  can  be  packed  in  bundled,  giving  great  advantage  fbr  shipping 
other  boilerB  both  in  the  reduotion  of  total  W^ght  ahd  in  the 
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increased  facility  for  stowage.  The  economy  of  space  is  very  great, 
and  an  important  adyantage  in  many  situations  where  space  is  limited 
and  valuable ;  the  space  occupied  being  only  one  sixth  to  one  fourth 
of  that  required  for  ordinary  Cornish  or  cylindrical  boilers  of  the  same 
power. 

Owing  to  the  duplication  of  parts  in  its  construction,  the  cost  of  the 
boiler  is  but  little  more  than  that  of  ordinary  boilers  aboye  25  horse 
'  power,  including  the  circulating  pump  and  all  the  mountings.  A  small 
boiler  of  the  kind  costs  more  in  proportion  than  a  large  one ;  for  in  all 
cases  it  is  best  to  have  an  independent  circulating  pump,  and  a  small 
pump  costs  nearly  as  much  as  a  large  one.  In  this  comparison  it  is 
supposed  that  the  steam  is  worked  at  the  ordinary  pressures  in  both 
cases,  say  from  25  to  50  lbs.  per  square  inch ;  but  the  suitable  working 
pressure  for  the  new  boiler  is  100  to  150  lbs.  per  square  inch, 
with  the  steam  superheated  and  worked  expansively ;  when  thus 
worked  and  compared  with  other  boilers  in  first  cost  per  horse 
power,  the  new  boiler  is  much  cheaper,  and  in  all  cases  far  cheaper 
for  transporting  and  setting  in  masonry.  The  average  thickness  of 
the  boiler  tubes  is  not  more  than  J  inch,  and  their  whole  surface  is 
eifective  heating  surface;  this  results  in  a  great  saving  of  weight 
compared  with  ordinary  boilers  with  plates  8  to  J  inch  thick.  In 
comparison  with  marine  boilers  the  new  boiler  can  be  made  much 
cheaper  than  those  on  the  ordinary  mode  of  construction,  while  the 
facility  for  repair  gives  a  decided  advantage. 

Though  the  steam  and  water  from  the  tubes  are  discharged  together 
into  the  receiver,  there  is  a  complete  separation  of  them,  and  there 
has  not  been  the  least  trouble  from  priming.  More  fully  to  prove  the 
fact  of  their  separation,  cocks  have  been  placed  on  the  upper  and  lower 
sides  of  the  delivery  pipe  G,  Fig.  1,  Plate  7,  leading  from  the  tubes 
to  the  receiver :  from  the  upper  cock  nothing  but  steam  was  found  to 
issue,  and  from  the  lower  nothing  but  water ;  and  supposing  priming 
to  be  caused  by  taking  steam  from  boilers  exposed  to  the  direct  action 
of  the  fire,  it  is  effectually  prevented  in  this  boiler  for  the  reason  that 
no  fire  acts  upon  the  receiver  containing  the  water,  from  which  the 
steam  is  taken  off,  and  consequently  the  water  remains  in  a  quiet  state. 


HIGH    PRESSURE    STEAM    BOILER.  37 

&apei)ieating  of  the  steam  is  effected  by  returning  the  steam  from  the 
leceiver  badL  by  the  pipe  R,  Fig.  2,  to  the  upper  part  of  the  furnace 
nA  passing  it  through  a  sufficient  number  of  superheating  tubes  S, 
▼hence  it  is  taken  off  by  the  steam  pipe  T  to  the  engine.     The  super- 
beating  tubes  S  are  arranged  and  united  together  in  the  same  manner 
as  the  boiler  tabes,  and  are  consequently  as  simple  and  convenient  to 
get  at  for  erecting  and  repairing. 

The  evaporatiye  duty  of  the  boiler  with  Staffordshire  slack  has 
been  5)  lbs.  of  water  per  lb.  of  fuel,  without  covering  the  receiver 
and  steam  pipes  to  prevent  condensation.  Steam  has  been  raised 
from  the  time  the  first  shovel  of  fire  was  placed  in  the  furnace  when 
cold,  without  wood  or  forced  draught,  to  10  lbs.  pressure  in  25 
minutes,  when  the  steam  was  sufficient  to  start  the  circulating  pump ; 
in  10  minutes  more  there  was  35  lbs.  pressure  of  steam,  when  the 
engine  was  started  ;  and  in  10  minutes  more,  being  45  minutes  from 
the  time  the  first  shovel  of  fire  was  put  in  the  furnace,  all  the 
machinery  driven  by  the  engine  was  in  operation  and  there  was 
sofBcient  steam  to  produce  all  the  power  required.  This  was  with 
only  -^ths  of  the  boiler  or  460  square  feet  of  heating  surface,  i^oths 
of  ihe  boiler  being  then  not  at  work.  The  practice  at  dinner  hours 
and  other  times  when  the  engine  is  stopped  has  been  to  close  the 
damper,  open  the  firedoors,  and  cover  the  fire  with  ashes  and  slack, 
and  work  the  circulating  pump  as  slow  as  its  construction  will  permit; 
this  entirely  prevents  generation  of  steam,  and  in  the  meantime  saves 
the  tabes  from  overheating.  For  starting  the  engine  again,  the  fire 
IB  stirred  up  and  supplied  with  coals  5  or  10  minutes  before  steam  is 
wanted,  which  is  ample  time  to  generate  a  regular  and  sufficient 
quantity  of  steam  to  commence  working  all  the  machinery  driven  by 
an  engine  of  60  horse  power.  Steam  can  be  regularly  maintained  in 
tbelwiler  that  has  now  been  in  use  for  ten  months,  with  a  variation  of 
from  10  to  15  lbs.  pressure  when  all  the  work  is  on  the  engine  with 
40  to  55  lbs.  steam  in  the  boiler.  The  pressure  cannot  be  maintained 
with  qnite  the  same  regularity  in  this  boiler  as  in  ordinary  boilers,  on 
•coount  of  the  comparatively  small  amount  of  steam  room ;  at  the 
same  time  it  is  found  that  a  sufficient  quantity  of  steam  is  made  with 
regularity  enough  for  all  practical  purposes. 
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For  the  purpose  of  ensuring  that  the  pressure  of  steam  supplied  to 
the  engine  shall  never  exceed  the  intended  limit,  and  of  preventing  any 
risk  of  injury  to  the  engine  by  over-pressure  arising  from  the  compar- 
atively small  steam  room  in  the  boiler,  the  regulating  valve  shown  in 
Fig.  11,  Plate  9,  has  been  designed  by  the  writer,  and  is  found  to 
fulfil  this  object  with  complete  success.  It  consists  of  a  double4)eat 
valve  U,  having  a  piston  V  below  it  fixed  upon  the  same  spindle 
and  of  the  same  area  as  the  lower  valve,  and  supported  by  a  spiral 
spring  which  presses  the  valves  op^i.  The  steam  from  the  boiler, 
passing  through  both  the  valve  seats,  is  delivered  to  the  engine  by 
the  pipe  W ;  at  the  same  time  it  acts  upon  the  top  of  the  piston  Y, 
compressing  the  spiral  spring  below  to  a  greater  or  less  extent 
according  to  the  pressure  of  the  steam,  and  thus  partially  closing  the 
valve  and  wiredrawing  the  steam  whenever  its  pressure  at  entrance 
approaches  the  intended  limit.  The  spiral  spring  is  adjusted  so  as  to 
hold  the  valve  full  open  until  this  limit  of  pressure  is  nearly  reached ; 
but  whenever  that  takes  place,  the  partial  closing  of  the  valve  checks 
the  supply  of  steam  and  prevents  the  pressure  of  the  steam  supplied 
to  the  engine  from  rising  above  the  intended  amount.  The  bottom  of 
the  spiral  spring  is  carried  by  a  cylindrical  cap  X,  sliding  vertioallj 
and  supported  by  the  end  of  the  weighted  lever  Y,  which  is  adjusted 
to  balance  the  pressure  on  the  piston  at  the  limit  of  steam  pressure. 
As  soon  as  the  intended  pressure  is  exceeded,  this  lever  is  depressed 
immediately,  closing  the  valve  entirely  and  shutting  ofif  the  supply  of 
steam,  thus  preventing  any  increase  of  pressure  in  the  steam  pipe  W 
when  the  engine  is  standing,  which  would  otherwise  be  occasioned  by 
the  accumulation  of  steam  gradually  passing  through  the  contracted 
opening  of  the  valve  that  serves  to  supply  the  engine  when  working. 
A  safety  valve  Z  is  added  on  the  top  of  the  casing  to  make  the 
precaution  complete.  This  regulating  valve  is  in  constant  work,  and 
maintains  the  steam  supplied  to  the  engine  at  a  uniform  pressure. 
It  may  also  be  applied  with  advantage  to  low  pressure  and  high 
pressure  engines  working  in  connexion,  serving  completely  to  regulate 
the  limit  of  pressure  of  the  steam  supplied  to  the  low  pressure  engine. 
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Mr.   Rubbvl^Xa   exhibited  specnnents  of  the  joints  and  bends  of  the 

boiler  tal>eSf    and    soniA  of  the  bnrst  and  incmsted  tubes  that  had 

been  tiken  out  of  the  boiler,  as  described  in  the  paper.     The  new 

boiler  hid  fbllj  answered  his  expectations  since  it  had  been  got  to 

work,  both  in.  supply  of  steam  and  in  safety  and  facility  of  repairs 

mkt  any  accideiit  that  cookl  occnr.      It  occupied  only  one  sixth  the 

spice  of  the  two   Cornish  boilers  previously  used,  and  burnt  only 

S  ions  Df  slack  per  day  against  the  previous  consumption  of  6^  tons  per 

dftj  for  doing  the  same  work ;    one  engine  only  was  working  now, 

instead  of  two,  aod  was  working  up  to  60  indicated  horse  power.    The 

safety  of  the  boiler  was  a  great  advantage,  and  they  had  had  two  or  three 

inBtances  of  tttbes  bursting ;    but  no  injury  was  done,  and  the  only 

effeet  was  that  the  fire  was  put  out  by  the  steam  and  water,   and  the 

burst  tube  was  replaced  by  a  new  one  with  only  two  hours'  delay. 

Mr.  J.  Fehtof  observed  that  the  evaporatiye  duty  shown  by  the 
boQer  was  low,  amounting  to  only  5^  lbs.  of  water  per  lb.  of  slack. 

Mr.  Russell  said  the  boiler  was  at  present  very  unfavourably 
eircumstanced  as  to  evaporative  duty,  owing  to  the  steam  pipes  and 
peeeiver  not  being  protected  in  any  way ;  and  much  heat  from  the  fire 
waa  also  lost  by  passing  away  into  the  cbtmney.  The  advantage  to  be 
obtained  by  the  new  boiler  in  economy  of  fuel  would  be  fully  shown 
when  steam  of  very  high  pressure  was  used,  which  could  be  safely 
done  only  with  a  boiler  upon  that  construction. 

Mr.  O.  A.  EvERiTT  thought  that  the  consumption  of  18  tons 

of  flkd:  per  week  f<^  an  engine  of  60  indieated  horse  power  was 

eerlaraly  far  from  economical ;  for  with  Cornish  boilers  he  was  burning 

al  his  works  only  16  tons  of  slack  altogether  per  week  for  two  engines 

of  60  nominal  horse  power,  working  ap  to  170  indicated  horse  power. 

Mr.  W.  RioHAtinsov  mentioned  that  in  Green's  economiser,  which 

he  bid  used  for  several  years  past  for  heating  the  feed  water  by  the 

waste  heat  passing  to  the  chimney,  consisting  of  a  stack  of  upright 

pipes  placed  in  the  chimney  flue,  throvFgh  which  the  feed  water  was 

passed  on  its  way  to  the  boiler,  cast  iron  pipes  were  first  used,  but  they 

had  tried  substituting  wrought  iron  pipes,  to  obtain  a  thinner  metal 

that  would  conduct  Uie  heat  better ;    these  however  all  became  riddled 

thnmgh  with  small  holes  in  18  months,  by  the  dejstruetive  action  of 
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the  condensed  water,  and  had  all  to  be  taken  ont  again  and  replaced 
by  cast  iron  pipes.  The  same  result  had  been  experienced  at  several 
other  places  where  wrought  iron  pipes  had  been  tried  in  the  economiser ; 
and  he  feared  therefore  the  wrought  iron  tubes  in  the  boiler  would  be 
destroyed  in  the  same  way  by  their  direct  exposure  to  the  fire. 

Mr.  EussELL  said  there  had  been  such  long  experience  of  the 
use  of  wrought  iron  tubes  in  boilers  that  there  was  no  fear  for  their 
durability,  and  they  had  been  found  to  last  for  many  years'  working 
with  regular  circulation  through  them. 

Mr.  W.  KicHARDsoN  enquired  what  degree  of  superheating  was 
obtained  by  the  superheating  tubes  in  the  boiler ;  he  thought  this 
could  not  be  great,  as  they  were  placed  in  the  coolest  part  of  the 
furnace,  farthest  from  the  fire.  He  had  tried  superheating  the  steam 
by  tubes  placed  in  the  flue  beyond  the  boiler,  but  found  that  steam  of 
70  or  80  lbs.  pressure  could  not  be  superheated  by  that  arrangement, 
since  the  temperature  in  the  flue  was  scarcely  higher  than  that  of  the 
steam  itself. 

Mr.  EnssELL  replied  that  at  60  or  70  lbs.  pressure  the  steam  was 
superheated  about  220®  or  240®  by  passing  through  the  superheating 
tubes  ;  and  after  taking  out  three  sections  of  the  boiler  tubes  the  steam 
was  superheated  more  than  500^,  having  a  temperature  of  more  than 
900®  after  passing  through  the  superheating  tubes,  in  consequence  of 
their  having  in  that  case  a  greater  extent  of  surface  exposed  direct  to 
the  fire,  while  less  of  the  heat  was  taken  up  by  the  boiler  tubes. 

Mr.  C.  W.  Siemens  observed  that  the  amount  of  superheating 
which  had  been  mentioned  would  go  far  to  explain  the  low  evaporative 
duty  of  the  boiler  ;  for  if  the  steam  were  superheated  to  upwards  of 
900®  by  the  superheating  tubes  in  their  present  position  close  to  the 
chimney,  the  heat  passing  away  into  the  chimney  must  be  more  than 
1000®,  which  would  produce  a  great  loss  of  fuel.  The  tubular 
construction  of  boiler,  in  which  the  entire  heating  surface  consisted  of 
small  tubes  having  great  strength  to  resist  internal  pressure,  was  he 
thought  one  that  might  be  advantageously  employed,  and  it  had  been 
tried  in  this  country  by  Dr.  AJban  many  years  ago,  with  steam  of 
150  to  200  lbs.  pressure.  In  the  present  boiler  the  circulating  pump 
was  the  novel  feature,  producing  an  artificial  circulation  of  the  water 
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throDgh  the  tabes  ;  bat  be  questioned  the  desirability  of  introducing 
such  a  sjstem,  on  account  of  the  additional  complication  involved, 
and  thought  the  plan  might  be  simplified  hj  some  alteration  in  the 
amogement,  so  as  to  rely  on  natural  circulation  alone. 

Mr.  A.  Masselin  remarked  that  the  superheating  tubes  at  the  top  of 
the  boiler  next  to  the  chimney  Yfere  in  the  least  effective  position  for 
superheating  the  steam ;  and  would  have  been  placed  with  much 
greater  advantage  at  the  bottom  of  the  boiler,  immediately  over  the 
fnmace,  if  sufficiently  durable  to  stand  so  close  to  the  fire. 

Mr.  BsNSOK  said  the  special  feature  of  the  boiler  was  the  forced 
circdation  of  the  water,  to  prevent  the  tubes  ever  being  short  of  water;' 
he  was  satisfied  that  a  boiler  of  this  construction  would  not  last  more- 
tbm  five  or  six  months,  were  it  not  for  the  mechanical  circulation, 
for  the  tubes  would  soon  tear  themselves  to  pieces  by  unequal 
expansion  and  contraction  if  exposed  to  the  risk  of  being  alternately 
fall  and  empty  of  water,  which  they  would  be  liable  to  if  dependent 
OQ  natural  circulation.  In  the  case  of  water  heaters  that  had  been 
referred  to,  the  tabes  were  soon  eaten  through  by  corrosion,  and  became 
forced  out  of  position  and  twisted  round,  owing  to  the  small  quantity 
cf  water  passing  through  them ;  but  no  such  results  had  been 
eiperienced  in  the  tubes  of  the  boilers,  because  the  quantity  of  water 
ft>5ed  through  them  by  the  forced  circulation  was  so  much  greater 
tiian  that  evaporated.  The  bottom  tubes  were  made  1^  inch  diameter 
for  one  third  the  height  of  the  boiler,  then  1|  inch  for  the  next  third, 
tad  1|  inch  at  the  top,  which  gave  an  additional  security  for  the 
I'Ottom  tabes  being  always  thoroughly  filled  with  water,  while  greater 
freedom  of  passage  was  allowed  at  the  top  for  the  mixed  water  and 
steam  escaping  into  the  receiver. 

The  chief  improvement  made  since  the  erection  of  the  first  boiler 
en  this  construction  was  the  mode  of  fixing  the  tubes,  in  such  a 
Qaaner  as  to  allow  of  removing  and  replacing  any  tube  without  taking 
out  an  entire  section  of  the  boiler ;  a  tube  could  now  be  taken  out  and 
anew  one  pat  in  in  as  short  a  time  as  15  to  20  minutes,  when  the 
hotler  was  again  ready  for  work  at  once. 

When  the  boiler  was  properly  constructed,  he  had  found  the  evapo- 
rative duty  was  equal  to  that  of  any  tubular  boiler ;  but  in  the  present 
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instonce  ihe  boiler  was  not  working  under  favourable  drcmnstancea 
for  economy  of  fuel.  The  sections  of  the  boiler  were  set  1)  inch 
apart,  and  much  heat  escaped  between  them  direct  into  the  chimney. 
The  draught  was  also  deficient,  the  chimney  being  only  2  feet  diameter 
which  was  too  small  for  the  purpose ;  so  that  there  was  not  air  enough 
drawn  in  for  thorough  combustion  of  the  coal,  and  smoke  generally 
issued  from  the  chimney  for  a  short  time  after  firing. 

The  Chairman  asked  whether  there  were  any  openings^  for 
admitting  air  oyer  the  surface  of  the  fire  to  prevent  the  smoke. 

Mr.  Bbkson  replied  that  a  number  of  air  holes  were  made  in  the 
brickwork  on  all  sides  of  the  furnace,  but  these  were  not  sufficient  to 
prevent  smoke  without  a  greater  force  of  draught. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Russell  for  the 
paper,  which  was  passed. 


The  following  paper  w»s  then  read : — 
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DESCRIPTION  OP  A  METHOD  OF 
SUPPLYING  WATER  TO  LOCOMOTIVE  TENDERS 

WHILST  RUNNING. 


By  Mb.  JOHN  RAMSBOTTOM,  of  Crewe. 


The  object  of  the  apparatus  fonning  the  subject  of  the  present 
paper  is  to  supply  Locomotive  Tenders  with  Water  without  requiring 
the  stoppage  of  the  train  for  the  purpose.  It  consists  of  an  open 
trough  of  water,  lying  longitudinally  betwieen  the  rails  at  about  the 
rail  level;  and  a  dip-pipe  or  scoop  attached  to  the  bottom  of  the 
tenda,  with  its  lower  end  curved  forwards  and  dipping  into  the  water 
of  the  trough,  bo  as  to  scoop  up  the  water  and  deliver  it  into  the 
tender  tank  whilst  running  along. 

The  construction  of  the  apparatus  is  shown  in  Figs.  1  and  2, 
Plate  10,  which  are  longitudinal  and  transverse  sections  of  the  tender 
and  water  trough.  Figs.  3  and  4,  Plate  11,  are  longitudinal  and 
transverse  sections  enlarged  of  the  scoop  and  trough. 

The  water  trough  A  of  cast  iron,  18  inches  wide  at  top  by  6  inches 
deep,  Fig.  4,  Plate  11,  is  laid  upon  the  sleepers  between  the  rails 
at  such  a  level  that  when  full  of  water  the  surface  of  the  water 
is  2  indbes  above  the  level  of  the  rails,  as  seen  in  Figs.  1  and  2, 
Plate  10.  The  scoop  B,  for  raising  the  water  from  the  trough,  is  of 
brass,  with  an  orifice  10  inches  wide  by  2  inches  high,  as  shown  in 
FigB.  3  and  4 ;  when  lowered  for  dipping  into  the  trough,  its  bottom 
edge  is  just  level  with  the  rails  and  immersed  2  inches  in  the  water. 
The  water  entering  the  scoop  B  is  forced  up  the  delivery  pipe  C, 
Fig.  1,  which  discharges  it  into  the  tender  tank,  being  turned  over  at 
the  top  so  as  to  prevent  the  water  from  splashing  over.  The  scoop  is 
carried  on  a  transverse  centre  bearing  D,  and  when  not  in  use  is 
tiHed  np  by  the  balance  weight  E  clear  of  the  ground,  as  shown  dotted 
is  Fig.  3 ;  for  dipping  into  the  water  trough  it  is  depressed  by  means 
of  the  handle  F  from  the  footplate,  which  requires  to  be  held  by  the 
agineman  as  long  as  the  scoop  has  to  be  kept  down. 
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The  upper  end  of  the  scoop  B  is  shaped  to  the  form  of  a  circular 
arc,  Fig.  3,  as  is  also  the  bottom  of  the  delivery  pipe  C,  so  that  the 
scoop  forms  a  continuous  prolongation  to  the  pipe  when  in  the  position 
for  raising  water.  The  limit  to  which  the  scoop  is  depressed  bj  the 
handle  F  is  adjusted  accurately  by  the  set  screws  G,  which  act  as  a 
stop  and  prevent  the  bottom  edge  of  the  scoop  being  depressed  below 
the  fixed  working  level ;  the  set  screws  also  afford  the  means  of 
adjusting  the  scoop  to  the  same  level  when  the  brasses  and  tyres  of 
the  tender  have  become  reduced  by  wear,  causing  the  level  of  the 
tender  itself  to  be  lowered.  The  orifice  of  the  scoop  is  made  with  its 
edges  bevilled  off  sharp,  to  diminish  the  splashing,  and  the  top  edge 
is  carried  forward  2  or  3  inches  and  turned  up  with  the  same  object. 

Two  other  forms  of  scoop  have  been  used,  but  they  are  not  considered 
■so  eligible  as  that  already  described  and  shown  in  Figs.  8  and  4, 
Plate  11.  In  one  of  iliem  the  scoop  was  hinged  on  the  bottom  of  the 
delivery  pipe  C  along  the  front  edge,  with  a  set  screw  as  before  for 
adjusting  it  to  the  proper  level  in  the  trough  when  the  brasses  and 
tyres  have  become  woni.  The  other  form  of  scoop  was  made  to  slide 
up  inside  the  delivery  pipe  with  a  telescope  joint ;  and  for  adjusting 
its  height  the  lifting  lever  was  centered  in  an  eccentric  bush  which 
could  be  turned  round  when  necessary,  so  as  to  raise  the  lever  and 
allow  for  the  wear  of  the  brasses  and  tyres. 

The  water  trough  A  is  cast  in  lengths  of  about  6  feet,  so  as  to 
rest  upon  each  alternate  sleeper,  and  is  fixed  to  the  sleepers,  the 
height  being  adjusted  by  means  of  the  wood  packing,  as  shown  in 
Figs.  1  and  2,  Plate  10.  The  ends  of  each  length  are  formed  with  a 
shallow  groove,  in  which  is  inserted  a  strip  of  round  vulcanised  india- 
rubber  H,  Fig.  3,  to  make  a  flexible  and  water-tight  joint,  the  metal 
not  being  in  contact;  this  meets  all  the  disturbances  arising  from 
expansion,  settlement  of  road,  and  vibration  caused  by  the  passage  of 
trains.  The  length  of  trough  now  laid  on  the  Chester  and  Holyhead 
Hallway  near  Conway  is  441  yards  in  the  level,  as  shown  in  the 
diagram  Fig.  5,  Plate  12 ;  and  at  each  end  the  rails  are  laid  at 
a  gradient  of  1  in  100  for  a  further  length  of  16  yards,  the  road  being 
raised  for  that  purpose  so  that  the  summit  of  the  incline  is  6  inches 
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higher  than  the  level  portion :  the  trough  is  tapered  off  in  depth  to  a 

bare  plate,  so  that  the  same  thickness  of  wood  packing  serves  for 

fixing  it  thronghont  the  entire  length.     The  portion  of  the  line  where 

the  troagh  is  fixed  is  a  curve  of  1  mile  radius,  and  the  outer  rail  is 

anted  1  inch  ahove  the  inner,  the  wood  packing  heing  made  taper  for 

&dng  the  trough  horizontal ;  but  the  cant  does  not  interfere  with  the 

efficient  action  of  the  scoop  on  the  tender,  since  it  amounts  to  only 

l-6th  inch  on  the  10  inches  width  of  scoop.    At  each  extremity  of  the 

water  trough  is  an  overflow  pipe  I,  Fig.  5,  limiting  the  height  of 

water  in  the  trough. 

Where  the  water  has  to  be  raised  by  pumping  or  the  natural 
supply  is  limited  in  amount,  it  is  necessary  to  prevent  the  water 
nmning  to  waste  through  the  overflow  pipes.  For  this  purpose  the 
supply  pipe  K,  Fig.  6,  Plate  12,  has  a  valve  L  fitted  on  its  orifice, 
md  delivers  the  water  into  the  small  cistern  M,  from  which  it  flows 
into  the  trough  A  through  the  pipe  N  ;  when  the  trough  is  full  up  to 
the  high  water  level,  the  water  overflows  from  the  cistern  into  the 
pocket  0  and  thence  into  the  bucket  P  on  the  end  of  the  valve  lever, 
closing  the  valve  and  cutting  off  the  supply  water.  There  is  a  small 
hole  in  the  bottom  of  the  bucket  P,  through  which  the  water  in  the 
backet  constantly  escapes :  so  that  when  the  water  level  in  the 
troagh  A  has  been  lowered  by  the  passage  of  an  engine,  the  water  in 
the  cistern  M  no  longer  overflows  into  the  bucket  P,  and  that  in  the 
bucket  escapes  through  the  hole  at  the  bottom,  allowing  the  valve 
lever  to  be  raised  by  the  balance  weight  at  the  other  end  and  open  the 
valve  for  a  fresh  supply.  By  this  means  a  large  quantity  of  water  is 
economised,  since  there  is  only  the  small  quantity  escaping  through 
the  hole  in  the  bucket,  instead  of  the  water  constantly  running  to 
waste  through  the  large  overflow  orifices  at  the  two  extremities  of  the 
trough. 

The  trough  contains  5  inches  depth  of  water,  and  the  scoop 
dips  2  inches  into  the  water,  leaving  a  clearance  of  3  inches  at  the 
bottom  of  the  trough  for  any  deposit  of  ashes  or  stones.  The  trough 
is  80  constructed  as  to  present  no  obstruction  to  be  caught  by  any 
Icoee  couplings  or  drag  chains  that  may  be  hanging  from  the  trains 
pttODg  over  it ;   and  experiments  have  been  tried  with  a  bunch  of 
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hook  cfafdns  and  screw  conpliDgs  hanging  down  behind  the  tender  and 
dragged  along  the  trough  without  any  damage  occarring. 

As  to  any  difficulty  from  ice,  a  thorough  trial  has  been  afforded  by 
the  late  severe  weather.  By  means  of  the  small  ice  plough  shown  in 
Figs.  7,8,  and  9,  Plate  12,  which  was  run  through  the  trough  by  hand 
each  morning,  the  coating  of  ice  was  removed  from  the  surface  of  the 
water,  and  no  more  was  formed  afterwards  excepting  a  film  so  thin 
that  it  was  removed  by  the  scoop  itself  in  passing  through  the 
trough  without  being  felt  at  aU.  It  has  indeed  been  shown  that  the 
continuance  of  this  action  with  the  succession  of  trains  in  ordinaiy 
working  would  be  sufficient  in  this  climate  to  prevent  the  formation  of 
any  ice  thicker  than  could  be  readily  and  safely  removed  by  the  passage 
of  the  scoop  alone,  even  during  as  severe  a  season  as  the  last.  The 
present  trough,  which  has  been  in  use  nearly  three  months,  is  supplied 
hitherto  by  a  pump,  which  it  may  be  here  mentioned  failed  once 
through  being  frozen  up  ;  but  a  natural  stream  of  water  will  shortly 
be  connected  to  it,  giving  a  regular  supply  by  gravitation,  and  serving 
to  prevent  the  water  freezing  by  maintaining  a  constant  current 
through  the  trough. 

The  principle  of  action  of  this  apparatus  consists  in  taking  advantage 
of  the  height  to  which  water  rises  in  a  tube,  when  a  given  velocity  is 
imparted  to  it  on  entering  the  bottom  of  the  tube:  the  converse 
operation  being  carried  out  in  this  case,  the  water  being  stationary 
and  the  tube  moving  through  it  at  the  given  velocity. 

The  theoretical  height,  without  allowipg  for  friction  &c.,  is  that 
from  which  a  heavy  body  has  to  fall  in  order  to  acquire  the  same 
velocily  as  that  with  which  the  water  enters  the  tube.  Hence,  since 
a  velocity  of  82  feet  per  second  is  acquired  by  falling  through  16  feet, 
a  velocity  of  32  feet  per  second  or  22  miles  per  hour  would  raise  the 
water  1 6  feet :  and  other  velocities  being  proportionate  to  the  square 
root  of  the  height,  a  velocity  of  80  miles  per  hour  would  raise  the 
water  30  feet  very  nearly  (a  convenient  number  for  reference),  and 
15  miles  per  hour  would  raise  the  water  7 J  feet;  half  the  velocity 
giving  one  quarter  the  height.  In  the  present  apparatus  the  height 
that  the  water  is  lifted  is  7)  feet  from  the  level  in  the  trough  to  the 
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top  of  the  delivery  pipe  in  the  tender,  which  requires  theoreticallj  a 

Telocity  of  15  miles  per  hour ;-  and  this  is  confirmed  by  the  results  of 

cxpmments  with  the  apparatus :  for  at  a  speed  of  15  nules  per  hour 

tiie  water  is  picked  up  from  the  trough  by  the  scoop  and  raised  to  the 

top  of  the  delivery  pipe,  and  is  maintained  at  that  height  whilst 

raoung  through  the  trough,  without  being  discharged  into  the  tender. 

The  theoretical  maximum  quantity  of  water  that  the  apparatus  is 

oq^le  of  lifting  is  the  cubic  content  of  the  channel  scooped  out  of  the 

witer  by  the  mouth  of  the  scoop  in  passing  through  the  entire  length 

of  the  trough :   this  measures  10  inches  width  by  2  inches  depth 

below  the  surface  of  the  water  in  the  trough,  and  441  yards  length, 

smonuiting  to  1148  gallons  or  5  tons  of  water.     The  maximum  result 

in  raisisg  water  with  the  apparatus  is  found  to  be  at  a  i^eed  of 

iboat  35  nules  per  hour,  when  the  quantity  raised  amounts  to  as  much 

m  the  above  theoretieal  total :  so  that  in  order  to  allow  for  the  per- 

eentsge  of  loss  that  must  unavoidably  take  place,  it  is  requisite  to 

measiirB  the  effectiye  area  of  the  scoop  at  nearly  the  outside  of  the 

BKtal,  which  is  |  inch  thick  and  feather-edged  outwards,  making  the 

orifiee  slightly  bell-mouthed  and  measmriug  at  the  outside  10}  inches 

by  2}  inches;  this  gives  1856  gallons  for  the  extreme  theoretical 

quantity. 

The  result  of  a  series  of  experiments  at  different  speeds  is  that 

(22  Jan.  1861)  at  15  miles  per  hour  the  total  delivery  is        0  gallons. 

22 1060        „ 

),        o3  .    I    •   ^  I       •    •  1080    fj 

„        41 1160    „ 

(23  Nov.  1860)   50 1070    „ 

HcDce  it  appears  that  the  variation  in  tl|e  quantity  of  water  delivered 
IS  very  slight  at  any  speed  above  22  miles  per  hour,  at  which  nearly 
the  fiill  delivery  is  obtained ;  ihe  greater  velocity  with  which  the  water 
enters  at  the  higher  speeds  being  counterbalanced  by  the  reduction  in 
the  total  time  of  action  whilst  the  scoop  is  traversing  the  fixed 
kDgth  of  the  trough.  It  also  appears  that  at  any  speed  above  that 
vUdi  is  sufficient  to  discharge  the  water  freely  from  the  top  of  the 
ddiveiy  pipe,  all  the  water  displaced  by  the  scoop  is  practically  picked 
ip  sad  delivered  into  the  tender.     In  these  experiments  the  water 
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level  was  maintained  the  same  in  the  trough  each  time  by  keeping  it 
supplied  up  to  the  overflow  orifice  at  each  end ;  and  the  scoop  was 
lowered  to  the  same  level  each  time  by  means  of  the  set  screws,  the 
height  of  the  tender  itself  being  maintained  practically  the  same 
in  each  case. 

At  higher  speeds  than  22  miles  per  hour  the  velocity  of  the  water 
entering  the  scoop  is  much  greater  than  is  required  to  raise  it  to  the 
height  of  the  tender ;  and  on  taking  up  the  water  by  a  prolonged 
vertical  pipe  curved  forwards  at  the  bottom  end,  in  place  of  the  scoop, 
it  is  thrown  upwards  in  a  strong  jet.  By  closing  the  top  of  this  pipe 
and  connecting  it  to  a  pressure  gauge,  it  has  been  found  that  at  a 
speed  of  50  miles  per  hour  the  water  exerted  a  pressure  in  the  pipe 
of  30  lbs.  per  square  inch,  maintaining  the  gauge  at  this  pressure 
during  the  passage  through  the  trough.  This  pressure  is  equivalent 
to  a  column  of  water  70  feet  high,  and  the  velocity  due  to  that  height 
is  46  miles  per  hour,  confirming  the  actual  speed  of  50  miles  per  hour. 
In  order  to  diminish  the  velocity  at  which  the  water  enters  the  tender 
tank,  the  delivery  pipe  is  enlarged  continuously  from  the  bottom  to 
the  upper  end,  makiug  the  area  for  discharge  10  times  that  for 
entrance,  as  shown  in  Fig.  2,  Plate  10,  so  that  at  50  miles  per 
hour  the  water  is  discharged  into  the  tender  at  only  5  miles  per  hour 
or  7  feet  per  second,  equivalent  to  falling  a  height  of  about  1  foot. 
The  theoretical  form  for  the  taper  of  this  pipe  for  giving  a  uniform 
degree  of  retardation  to  the  current  of  water  throughout  its  length 
would  be  a  parabolic  curvature  hollowed  inwards  at  the  sides ;  but  the 
form  considered  most  eligible  in  practice  is  one  of  uniform  taper,  to 
allow  more  freedom  of  passage  in  the  middle  of  its  length.  The  form 
of  the  front  or  convex  side  of  the  pipe  is  however  of  little  moment,  as 
the  stream  of  water  flows  up  the  back  or  concave  side  without  pressing 
against  the  convex  side,  which  might  indeed  be  removed  in  the  lower 
portion  of  the  length,  leaving  the  pipe  an  open  curved  trough,  without 
risk  of  the  water  escaping. 

In  the  preliminary  experiments  before  constructing  the  apparatus, 
a  trial  was  made  of  the  effect  of  a  stream  of  water  issuing  through  an 
open  trough  attached  to  the  end  of  a  large  water  main,  under  such  a 
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pressnre  that,  a  regular  stream  of  water  was  maintained  at  a  speed 

of  15  miles  per  hour.     A  curved  pipe  similar  in  form  to  the  scoop  and 

deliTeTT  pipe  in  the  drawings  and  about  3  feet  high  was  placed  in  the 

stream  of  water  faciog  the  current,  and  the  water  waB  found  to  be 

TMsed  up  the  pipe  and  freely  discharged  in  a  stream  from  the  top : 

tlie  orifice  of  the  pipe  was  2  inches  by  J  inch  at  the  bottom  and 

2  inches  by  2  inches  at  the  top,  being  an  increase  in  area  of  8  times. 

On  placing  a  g  inch  pipe  bent  at  the  bottom  to  face  the  current,  the 

water  did  not  cease  to  flow  over  till  the  top  was  raised  7  J  feet  above 

the  level  of  the  stream. 

For  the  purpose  of  measuring  the  speed  conveniently  during  some  of 
the  experiments,  the  writer  employed  the  simple  instrument  shown  in 
Figs.  10  to  13,  Plate  13,  consisting  of  a  small  vertical  glass  cylinder  R 
half  fall  of  oil,  made  to  rotate  rapidly  on  its  axis  by  a  cord  passed 
round  the  trailing  axle  S  of  the  engine  :  the  depressed  centre  of  the 
surface  of  the  rotating  oil  indicated  readily  and  accurately  the  speed  of 
running  by  the  graduated  scale  at  the  side  of  the  glass  cylinder. 

The  principle  of  action  of  this  plan  of  raising  water  for  supplying 
locomotive  tenders  occurred  to  the  writer  several  years  ago,  and  he 
long  felt  convinced  that  it  admitted  of  being  made  practically  available 
for  that  purpose  with  some  advantages  of  importance  in  removing 
difficnlties  that  are  at  present  experienced  under  certain  circumstances 
of  worb'ng  the  traflfic.  His  attention  was  forcibly  called  to  this  on 
occasion  of  having  to  provide  last  year  for  the  accelerated  working 
of  the  Irish  mail,  which  has  now  to  be  run  through  from  Chester  to 
Holyhead,  a  distance  of  84|  miles,  without  stopping,  in  2  hours 
Mid  5  minutes.  This  necessitated  an  increase  in  the  size  of  the  tender 
tanks  beyond  the  largest  size  previously  used  containing  2000  gallons ; 
or  else  required  the  alternative  of  taking  water  half  way  at  Conway, 
rither  by  stopping  the  train  for  the  purpose,  or  by  picking  up  the 
water  whilst  running.  A  supply  of  2400  gallons  is  found  requisite 
fyr  this  journey  in  rough  weather ;  and  although  1800  to  1900  gallons 
^j  are  eon^sumed  in  fair  weather,  it  is  necessary  to  be  always  provided 
ft'fT  the  larger  supply,  on  account  of  the  very  exposed  position  of  th^ 
arr^ter  portion  of  the  line,  which  causes  the  train  to  be  liable  to  great 
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increase  of  resistance  from  the  high  winds  frequently  encountered. 
An  increase  of  the  tender  tanks  beyond  the  present  uze  of  2000  gallons 
would  hare  involved  an  objectionable  increase  of  weight  in  construction, 
and  alteration  in  the  standard  sizes  of  wheels  and  axles  &c.  for  tenders; 
and  would  have  also  caused  a  waste  of  locomotive  power  in  draggling 
the  extra  load  along  the  line.  By  this  plan  of  picking  up  1000  gallons 
of  water  at  the  half  way  point  near  Conway,  where  the  water  trough 
is  fixed,  the  necessity  for  a  tender  larger  than  the  previous  size  of 
1500  gallons  is  avoided,  effecting  a  reduction  in  load  carried  equivalent 
to  another  carriage  of  the  train. 

Another  application  contemplated  for  this  apparatus  is  to  the  case 
of  heavy  through  goods  trains,  such  as  those  between  Liverpool  and 
Manchester,  which  are  at  present  required  to  stop  half  way  at  Parkside 
for  water  only,  causing  an  objectionable  blocking  of  a  line  very  much 
thronged  with  traffic,  and  a  delay  and  loss  of  power  in  pulling  up  the 
heavy  train. 

Another  advantage  of  this  plan  is  the  means  it  affords  of  opening 
up  fresh  sources  of  water  supply,  where  a  stream  of  good  water  can  be 
obtained  near  the  level  of  the  rails  without  expense  and  labour  of 
pumping  it,  but  cannot  be  otherwise  made  available  on  account  of  not 
being  at  a  station  :  such  as  the  case  of  the  Holyhead  line,  where  at 
the  terminus  on  the  coast  the  supply  of  water  is  defective  in  quality 
and  quantity,  and  involves  heavy  expense  for  pumping  ;  but  at  about 
15  miles  distance  along  the  line  a  plentiful  natural  supply  of  good 
water  can  be  obtained  at  the  rail  level  in  the  middle  of  the  island  of 
Anglesea,  where  however  the  nature  of  the  traffic  does  not  necessitate 
a  stoppage. 


Mr.  Ramsbottom  showed  a  working  model  of  the  apparatus  to 
illustrate  the  mode  of  action :  and  observed  that  the  plan  had  been 
matured  to  meet  the  special  difficulty  of  working  the  traffic  without 
any  delay  for  taking  in  water ;  it  had  proved  quite  successful  in 
practice,  and  thoroughly  accomplished  the  object  intended,  and  there 
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VIS  indeed  less  trouble  in  taking  water  with  it  than  with  an  ordinary 

water  crane.     Many  plans  bad  been  suggested  for  lowering  the  scoop 

into  the  trongb,  bnt  none  so  simple  and  complete  as  that  adopted 

of  making  tbe  line  with   an   incline   at  each   end  of  the  trough  ; 

the  bottom  of  the  scoop  when  lowered  was  level  with  the  rails  and 

qrnte  dear   of  the  ballast,    so  that  it    might  be  lowered  a  mile 

before  reaching  the  trongh ;  and  it  was  then  gradually  dipped  down 

into  the  water  and  lifted  out  again  by  the  incline  in  the  rails  at  each 

Old,  passing  3  inches  clear  above  the  ends  of  the  trough.     In  practice 

iastead  of  the  whole  quarter  of  a  mile  length  of  line  being  lowered 

6  iaehes,  only  »  short  double  incline  was  made  at  each  end,  rising 

6  inehes  and  then  falling  the  same  amount  towards  the  end  of  the 

tiough,  the  object  being  to  enable  the  scoop  to  clear  the  end  of 

the  trough.     The  velocimeter  exhibited  was  a  simple  instrument  that 

he  had  contrived  for  some  previous  experiments  ;  it  showed  the  speed 

correciiy  l^  simple  inspection,  assisting  the  driver  in  maintaining  a 

mnfonn  speed  in  experiments,  and  was  convenient  for  connexion  to 

the  engine. 

Mr.  C.  Makkham  had  had  an  opportunity  of  examining  the 
working  of  the  apparatus  described  in  the  paper,  and  could  confirm 
the  statements  that  had  been  made  as  to  its  efficiency.  On  running 
in  engine  througb  the  trough  at  a  speed  of  about  45  miles  per  hour, 
it  was  ascertained  by  measurement  that  more  than  1100  gallons  of 
w^er  had  been  delivered  into  the  tender ;  and  in  another  experiment 
the  speed  of  the  engine  was  got  up  gradually  from  a  state  of  rest 
to  about  16  miles  per  hour,  at  which  speed  the  water  began  to  flow 
over  into  the  tender  freely.  He  had  examined  the  trough  and  found 
it  in  perfect  order,  the  joints  being  tight  without  any  leakage.  This 
mode  of  supplying  tenders  with  water  would  be  of  great  advantage  for 
long  runs,  especially  where  a  great  speed  was  required,  as  it  avoided 
the  delay  of  stopping  for  water ;  it  would  also  prove  of  considerable 
sdnntage  in  the  working  of  through  goods  trains,  by  preventing  the 
loss  of  power  in  pulling  up  a  heavy  train  for  water  only.  He  doubted 
however  whether  there  were  many  railways  in  this  country  that  would 
idmit  of  the  plan  being  generally  adopted,  because  it  was  necessary  at 
««b  place  to  have  a  level  of  a  quarter  of  a  mile  long  for  laying  down 
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the  water  trough,  which  could  not  always  be  obtained.  Where  there 
was  a  good  natural  supply  of  water,  the  plan  appeared  a  valuable 
auxiliary  means  of  supplying  the  tender  with  water;  but  he  thought  it 
should  be  regarded  as  auxiliary,  for  the  engine  might  be  stopped 
before  reaching  the  trough,  at  too  short  a  distance  to  allow  of  getting 
up  the  necessary  speed  for  raising  the  water,  causing  detention  unless 
the  troughs  were  numerous  along  the  line. 

Mr.  Ramsbottom  remarked  that  for  picking  up  water  at  very  low 
speeds  he  had  proposed  placing  a  flap  valve  at  the  bottom  of  the  tender, 
opening  inwards,  instead  of  carrying  the  delivery  pipe  up  to  the  top  of 
the  tender  and  turning  it  over  ;  by  this  means  some  height  would  be 
saved.  At  as  low  a  speed  however  as  22  miles  per  hour  the  water 
was  supplied  in  full  quantity  to  the  height  of  7  J  feet. 

Mr.  J.  E.  Clift  enquired  what  amount  of  power  was  expended  in 
raising  the  water  into  the  tender  whilst  running. 

Mr.  Ramsbottom  said  the  power  expended  would  be  little  more 
than  the  weight  of  the  water  lifted  to  the  height  through  which  it  was 
raised,  with  some  addition  for  friction  in  the  scoop  and  delivery  pipe ; 
there  was  indeed  in  this  plan  a  saving  of  power  due  to  the  water  having 
to  be  raised  only  to  the  height  of  the  tender,  instead  of  into  a  high 
tank  for  supplying  the  water  cranes. 

The  Secretary  confirmed  the  statements  given  in  the  paper  as 
to  the  results  of  working,  having  been  present  at  the  experiments  and 
witnessed  the  action  of  the  apparatus  in  work ;  and  the  water  trough  was 
found  to  be  in  complete  order  after  exposure  to  the  long  severe  frost. 

The  Chairman  thought  the  results  of  the  trials  were  highly 
satisfactory  and  showed  the  success  with  which  the  plan  had  been 
carried  out.  He  proposed  a  vote  of  thanks  to  Mr.  Ramsbottom  for 
his  paper,  which  was  passed. 


Tlie  Meeting  then  terminated ;  and  in  the  evening  a  number 
of  the  Members  dined  together  in  celebration  of  the  Fourteenth 
Anniversary  of  the  Institution. 


PROCEEDINGS. 


2  Mat,  1861. 


The  Gkhbrai.  Mbetihg  of  the  Members  T^as  held  at  the  house 
of  tiie  Institation,  Newhall  Street,  Birmingham,  on  Thursday,  2nd 
May,  1861;  Albxakdeb  B.  Cochrane,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Chairkah  announced  that  the  Ballot  Lists  had  been  opened 
bj  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 


MEMBERS. 

Charles  Binks,    . 

Benjamin  Dawson, 

Frederick  Thomas  Huffam,  . 

SrDKEY  Jessop, 

Thomas  Jessop, 

David  Jones, 

George  Low, 

William  Bdmner, 

Isaac  Tipping, 

William  Henry  Woodhouse, 


Clay  Cross. 

Ferry  hill. 

Bristol. 

Sheffield. 

Bheffield. 

Newport,  Mqn. 

Kendal. 

Manchester. 

Madras. 

London. 


The  following  paper  was  then  read : — 
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DESCRIPTION   OF   A    SELF-ACTING   MACHINE 
FOR    SPOOLING   THREAD. 


By  Mr.  WILLIAM  WEILD,  OF  Maitchesteb. 


Preyions  to  tbe  present  century  sewing  thread  was  made  np  for 
sale  in  hanks,  and  it  was  not  till  about  1814  that  the  plan  of  winding 
thread  on  spools  or  reels,  technically  called  "spooling,"  was  introduced 
by  Mr.  James  Carlile  of  Paisley.  Thread  was  first  wound  upon 
spools  in  soft  uneven  and  irregular  layers  by  a  common  hand  wheel, 
and  the  top  layer  was  made  smooth  by  the  friction  of  a  small  piece  of 
calico  pressed  against  it  in  winding.  About  1830  a  spooling  machine 
was  brought  into  use  by  Mr.  George  Taylor  of  Paisley,  having  a 
single  grooved  guide  for  laying  the  thread  upon  the  spool ;  this  guide 
was  made  to  traverse  longitudinally  by  two  screws  geared  together,  so 
as  to  distribute  the  thread  evenly  upon  the  spool,  one  of  the  screws 
acting  to  regulate  the  distribution  in  one  direction  and  the  other  in 
the  opposite  direction.  The  many-grooved  guide  and  the  right-and- 
left-handed  screw  were  introduced  about  1834. 

The  spools  commonly  used  are  niade  of  wood,  more  or  less  orna- 
mented ;  and  some  also  of  metal,  bone,  ivory,  and  other  materials. 
Wood  spools  were  first  turned  by  hand ;  but  the  immense  demand  for 
them  called  attention  to  the  necessity  for  self-acting  machinery  for 
producing  them  in  a  rapid  manner,  and  this  was  invented  in  1846  by 
Mr.  John  Clark  of  Glasgow.  The  wood  is  first  cut  into  slices  having 
a  thickness  about  equal  to  the  length  of  the  intended  spools  ;  from 
these  slices  the  blocks  to  form  the  spools  are  cut  by  means  of  a  crown 
saw,  which  cuts  a  piece  out  of  the  slice  in  the  form  of  a  cylinder  and 
bores  a  hole  through  its  axis  at  the  same  time.  The  blocks  are  next 
supplied  to  the  self-acting  turning  machine  for  turning  them  to  the 
required  shape  and  length,  and  are  afterwards  finished  or  ornamented 
by  a  milling  or  stamping  process.     One  of  the  most  improved  self- 
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acting  machmes  for  tnming  spools  will  produce  between  70  and  80 

gross  of  spools  per  daj,  reqniring  the  attention  of  one  boy  at  wages  of 

about  7s.  per  week. 

For  polishing  the  thread  to  giye  it  a  glossy  appearance,  it  is 

placed  in  a  eolation  of  starch  and  then  subjected  to  friction  ;  in  the 
firet  use  of  machinery  for  the  purpose  the  thread  was  polished  in  the 
Ittokby  rotating  brushes.  This  is  also  done  by  means  of  machinery 
nmilar  to  that  for  sizing  warp  threads  ;  and  the  last  few  layers  of  the 
thread  woimd  upon  spools  for  the  market  are  polished  in  the  spooling 
macliine  by  extra  pressure  upon  the  thread  guide. 

For  explaining  the  construction  and  action  of  the  self-acting 
spooling  machine  forming  the  subject  of  the  present  paper,  a  slight 
reference  to  the  process  of  winding  by  the  hand- spooling  machines  is 
requigite.  The  most  improyed  hand- spooling  machines  at  the  present 
time  are  placed  upon  long  benches  about  three  feet  wide  and  two  feet 
liigh,  and  driven  by  a  shaft  passing  along  under  the  bench.  Each 
spooling  head  is  driven  by  a  friction  clutch  or  pulley,  which  is  made 
to  engage  with  the  clutch  or  pulley  on  the  driving  shaft  by  means  of 
a  treadle  pressed  down  by  the  foot  of  the  winder.  The  spooling  head 
eonsistg  of  a  small  headstock  carrying  a  horizontal  shaft,  from  the 
end  of  which  projects  the  winding  spindle  that  the  spool  is  placed  on. 
Tbe  thread  guide  is  fixed  on  a  sliding  rod,  and  the  alternate  traversing 
motion  is  received  from  a  shaft  with  a  right-and-left-handed  screw 
thread  on  it ;  the  sliding  rod  has  two  arms,  each  carrying  part  of 
a  acrew  nut  on  opposite  sides  of  the  screw  shaft,  one  to  gear  with  the 
light-handed  screw  thread  and  the  other  with  the  left-handed,  so  that 
hy  a  alight  oscillation  of  the  sliding  rod  first  one  and  then  the  other 
not  is  thrown  in  gear  with  the  screw  shaft. 

In  using  the  spooling  head  the  empty  spool  is  placed  upon  the 
winding  spindle,  and  the  thread  which  is  drawn  from  the  end  of  a 
large  bobbin  is  passed  under  the  thread  guide  and  fixed  so  as  to  wind 
on  to  the  empty  spool.  The  machine  is  then  started,  and  the  winder 
pitaaes  upon  the  thread  guide  with  the  left  hand,  giving  the  requisite 
pKKare  by  the  thumb  ;  while  the  right  hand  reverses  the  traversing 
motion  at  the  end  of  each  layer  of  thread.     When  the  last  layer  is 
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boing  wotind  npon  the  spool,  extra  pressure  is  generally  g^ven  to  the 
thread  guide  to  polish  the  thread  and  give  it  the  glossy  appearance. 
When  the  spool  is  filled  a  nick  is  made  in  the  edge  of  the  spool,  and 
the  end  of  the  thread  secured  in  it.  The  fall  spool  is  then  removed 
by  means  of  a  lever,  as  the  repeated  tight  coiling  of  the  thread  has 
compressed  the  spool  tightly  upon  the  spindle.  The  winders  employed 
in  filling  the  spools  are  mostly  young  women,  one  to  each  spooling 
head  or  spindle. 

Attempts  have  been  made  to  wind  thread  by  self-acting  means  on 
to  several  spools  at  the  same  time ;  but  as  a  large  portion  of  the 
winder^ s  time  is  occupied  in  placing  and  removing  the  spools  and  in 
fixing  the  ends  of  the  thread  to  them,  the  advantage  was  found 
insufficient  to  induce  perseverance  for  overcoming  the  difficulties. 

The  entire  operation  of  spooling  thread  completely  by  self-acting 
means  is  performed  by  the  machine  now  about  to  be  described,  the 
invention  of  the  writer;  which  accomplishes  all  the  process  of  winding 
six  spools  at  once,  completely  by  self-acting  means.  It  fixes  the 
empty  spools  ready  for  winding,  and  guides  the  thread  on  to  them, 
during  the  winding  ;  and  when  exactly  200  yards  of  thread  are  wound 
on,  cuts  a  nick  in  the  edge  of  the  spool  and  draws  the  end  of  the 
thread  into  it  for  fastening  off;  then  cuts  off  the  thread  and  discharges 
the  full  spools,  and  then  begins  winding  again  on  a  fresh  lot  of  empty 
spools. 

The  machine  is  shown  in  Figs.  1  and  2,  Plates  14  and  15. 
Fig.  1,  Plate  14,  is  a  front  elevation  ;  the  headstock  is  at  the  right 
end,  and  the  machine  has  six  spooling  heads,  each  of  which  fills  one 
spool  at  the  same  time.  Fig.  2,  Plate  15,  is  a  vertical  transverse 
section  through  the  parts  operating  upon  the  spool.  Figs.  3  to  7, 
Plates  16  and  17,  show  the  detail  of  the  winding,  thread-fixing,  and 
spool-changring  apparatus,  drawn  half  full  size. 

The  thread  wound  upon  the  spools  is  drawn  from  a  large  bobbin 
stuck  in  the  back  frame  of  the  machine,  as  shown  in  Fig.  2,  Plate  15 ; 
and  is  guided  and  fed  regularly  upon  the  spool  A  by  the  thread 
guide  B,  Figs.  3  and  6,  Plates  16  and  17.  The  spool  A  is  driven  at 
a  speed  of  about  2000  revolutions  per  minute.     The  thread  guide  B 
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has  spring  fingers  on  it,  throngh  which  the  thread  is  drawn  ;    these 

ctip  the  thread  with  a  uniform  pressure  and  ensure  its  heing  wound 

iritb  Tmiform  tightness  on  the  spool.     The  point  of  the  guide  where 

the  thread  is  delivered  carries  a  small  swivel  piece  C  on  the  underside, 

the  face  of  which  is  made  with  fine  grooves  corresponding  to  the 

tkudoness  and  roundness  of  the  thread  :    this  grooved  piece  hears  on 

the  thread  with  a  uniform  pressure  while  in  the  act  of  heing  wound  ; 

md  the  swivel  joint  enahles  it  to  coincide  correctly  with  the  alternate 

slight  inclination  of  the  thread  right  and  left,  since  the  thread  is  wound 

in  a  right  and  left  handed  spiral  alternately  in  the  successive  layers 

on  the  spool.     In  the  ordinary  hand-spdoHng  machines  the  groove  in 

the  thread  g^de  has  a  fixed  inclination;    consequently,  though  it 

smooths  the  thread  in  one  layer,  it  slightly  cuts  it  up  and  roughens 

it  in  the  next.     In  winding  the  last  layer  of  thread,  the  guide  B  is 

prevented  from  rising  hy  a  cam,  and  thus  an  extra  pressure  is  put 

upon  the  thread  which  gives  it  the  glossy  finish. 

The  longitudinal  traverse  of  the  thread  guides  B  for  delivering  the 
thread  uniformly  over  the  entire  length  of  the  spools  is  ohtained  as  in 
the  hand  machines  from  a  right-and-left-handed  traversing  screw  D, 
¥%.  1,  shown  enlarged  in  Figs.  8  and  9,  Plate  18.  This  screw 
is  hdd  stationary  endways  in  the  machine,  and  driven  constantly  in 
one  direction  while  the  winding  is  in  progress.  The  slide  rod  E 
cnrjing  the  thread  guides  has  two  arms,  each  carrying  a  segment  of  a 
QQty  cm  opposite  sides  of  the  traversing  screw  D,  one  to  gear  with  the 
right-handed  thread  and  the  other  with  the  left-handed ;  the  alternate 
▼ibrttion  of  the  slide  rod  E  throws  one  nut  into  gear  and  the  other 
oat  of  gear  with  the  traversing  screw,  and  thus  reverses  the  direction 
of  tnverse  of  the  thread  guides.  The  power  necessary  for  making 
^  slide  rod  vihrate  the  required  amount  is  ohtained  from  two  fiat 
■pnngs  P,  Fig.  9,  fixed  parallel  to  the  rod,  which  bear  upon  opposite 
•ides  of  an  arm  G  secured  on  the  slide  rod  E  :  this  arm  is  made  with 
iachned  surfaces  for  the  springs  to  hear  on,  as  shown  in  Figs.  10 
nd  11.  As  the  slide  rod  traverses  towards  the  right  hand,  the  upper 
•pring  hecomes  bent  by  being  forced  up  the  incline  on  the  top  of  the 
■na  0,  as  shown  in  Fig.  10,  while  at  the  same  time  the  lower  spring 
i»  relaxed  by  the  withdrawal  of  the  incline  on  the  bottom  of  the  arm ; 
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80  that  at  the  end  of  the  traverse  the  upper  spring  has  acquired  sufficient 
preponderance  of  power  to  throw  the  arm  over  through  the  required 
vibration  :  and  in  the  return  traverse  towards  the  left  hand,  the  lower 
spring  is  bent  back  and  the  upper  one  relaxed,  as  shown  in  Fig.  1 1 , 
ready  for  reversing  the  arm  again  in  the  same  manner. 

The  arm  G  between  the  two  reversing  springs  is  guided  by  a 
horizontal  plate  H,  called  the  shaper  plate,  shown  black  in  Figs.  8 
and  13,  Plate  18,  against  which  the  extremity  of  the  arm  bears. 
In  travelling  towards  the  right,  the  arm  bears  on  the  top  of  the  plate, 
as  shown  in  Fig.  8,  and  on  arriving  at  the  edge  of  the  plate  is  thrown 
down  by  the  force  of  the  top  spring  ;  it  then  travels  back  towards  the 
left  along  the  underside  of  the  plate,  as  shown  dotted  in  Fig.  13,  and 
on  again  arriving  at  the  edge  is  thrown  up  by  the  bottom  spring. 
The  shaper  plate  H  is  arranged  for  gradually  increasing  the  length  of 
traverse  of  the  thread  guides,  as  the  winding  proceeds  up  the  bevil 
at  each  end  of  the  spools ;  the  edges  of  the  plate  are  tapered  to 
correspond  with  the  shape  of  the  bevilled  ends  of  the  spools,  as  shown 
in  the  plan,  Fig.  9,  and  the  plate  is  advanced  at  each  double  traverse 
of  the  thread  guides  by  a  ratchet  wheel  and  cam  I,  Fig.  1 ;  the 
reversing  arm  G  consequently  has  to  travel  each  time  over  a  broader 
part  of  the  plate,  making  a  longer  travel  before  it  reaches  the  edge 
and  reverses  the  traverse  of  the  thread  guides.  By  changing  this 
shaper  plate  the  machine  is  readily  adjusted  to  wind  any  other  pattern 
of  spools.  When  the  last  layer  of  thread  is  being  wound  on  the  spools, 
a  projecting  stop  J,  Fig.  8,  is  pushed  forward  by  the  shaper  plate  H 
to  catch  the  reversing  arm  G  ;  and  on  the  arm  reaching  the  edge  of  the 
plate  it  is  thrown  down  through  only  half  the  amount  of  its  vibration, 
so  that  both  of  the  traversing  nuts  are  out  of  gear  with  the  screw  D, 
and  the  traverse  of  the  thread  guides  consequently  ceases.  The 
reversing  arm  is  detained  in  the  half  way  position  by  the  stop  J  while 
the  change  of  spools  is  effected ;  but  as  soon  as  all  is  ready  for 
starting  again,  the  stop  is  drawn  back  and  the  arm  released,  as  shown  in 
Fig.  13,  throwing  one  of  the  traversing  nuts  into  gear  with  the  screw. 

When  the  winding  of  the  last  layer  of  thread  is  completed,  the 
whole  of  the  winding  motion  is  instantly  stopped  dead  by  the  appli- 


SPOOLINO   MACHINE.  59 

cation  of  a  break  K,  Fig.  2,  Plate  15,  consisting  of  a  leather  band, 
shown  by  the  strong  black  line,  passing  round  a  pulley  on  the  main 
diimg  sbaft  of  the  winding  apparatus ;  the  band  is  suddenly  tightened 
on^e  pulley  by  a  lever  and  cam,  and  holds  all  the  winding  motion 
qnite  stationary  -wliile   the  operations  of  fastening  the  threads  and 
changing  the    spools    are  performed.      As  soon  as  the  winding  is 
stopped,  the  incision  knife  L,  Figs.  3  and  7,  for  cutting  the  nick  in 
the  edge  of  the  spool,  descends  and  makes  the  cut,  as  shown  in 
Fig.  4,  Plate  16,  while  the  point  of  the  spring  M  fixed  on  the  inner 
side  of  the  knife  presses  on  the  spool  close  to  the  last  coil  of  thread, 
prerenting  it  from  uncoiling,  and  directing  the  thread  into  the  nick ; 
the  thread  guide  B  having  previously  risen  clear  of  the  spool,  as 
siiown  in  Fig.  3.     The  thread -pushing  finger  N  is  then  drawn  to  the 
light,  and  pushes  the  thread  past  the  edge  of  the  spool  and  round  the 
spring  point  M,  as  shown  in  Fig.  7.     The  hook  O  now  descends  and 
cttdies  the  thread.     On  the  side  of  the  hook  next  to  the  spool  a  knife 
edge  P  tamed  upwards  is  fixed,  against  which  the  hook  is  pressed  by 
a  pondiing  spring  Q  on  the  other  side.     As  the  hook  descends  it  first 
pnOs  ihe  thread  into  the  nick  in  the  spool,  and  then  draws  it  past 
tlie  knife  edge,  which  cuts  it  off.     The  loose  end  of  the  thread  is 
neaowbile  held  tight  between  the  hook  and  the  'pinching  spring  Q, 
u  shown  in  Fig.  5,  Plate  16,  while  the  full  spool  is  discharged  and 
replaced  by  an  empty  one. 

For  changing  the  spools  the  winding  spindle  R  and  back  centre  S, 
Vig.  6,  Plate  17,  are  both  withdrawn  by  cams,  and  the  fall  spool 
drops  into  the  box  below ;  the  cradle  T  containing  the  empty  spool 
is  nam  raised  by  another  cam,  and  the  winding  spindle  E  advanced 
agtin  ready  to  receive  it.  The  spool  is  pushed  on  to  the  spindle  by 
the  return  of  the  back  centre  S,  and  is  pressed  up  against  a  shoulder 
<m  the  spindle  R  with  driving  points  inserted  in  its  face  for  making 
the  spool  revolve  with  the  winding  spindle.  The  loose  end  of  the 
thread,  held  fast  between  the  hook  O  and  pinching  spring  Q,  as  shown 
in  Fig,  5,  Plate  16,  is  in  such  a  position  that  it  gets  caught  between 
the  ^KM>1  and  the  shoulder  of  the  winding  spindle,  and  is  thus  secured 
ready  for  starting  the  winding. 
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The  thread  guides  B  having  left  off  work  on  the  full  spools  at  the 
extreme  end  of  their  longest  traverse  have  now  to  be  brought  back 
through  the  length  of  the  bevil  end  of  the  spools  :  this  is  done  by  a 
sliding  wedge  acting  on  the  end  of  the  slide  rod  E  that  carries  the 
thread  guides ;  and  the  shaper  plate  H  is  withdrawn  by  the  same 
movement.  The  thread  guides  are  then  lowered  on  to  the  spools, 
the  break  taken  off,  and  the  winding  apparatus  started  again,  when 
the  winding  proceeds  as  before  till  the  spools  are  filled.  All  the 
movements  necessary  to  make  the  required  changes  are  produced  by 
the  machine  itself,  by  cams  arranged  for  the  purpose,  without 
anything  being  done  by  hand  by  the  attendant,  who  has  merely  to 
supply  the  empty  spools  into  the  cradles  while  the  winding  is  going 
on,  renew  the  large  thread  bobbins  when  emptied,  and  join  up  any 
broken  thread  that  may  occur. 

The  three  sliding  rods  U,  Figs.  8  and  6,  Plates  16  and  17,  which 
give  the  longitudinal  movements  to  the  thread- pushing  finger  N,  the 
winding  spindle  R,  and  the  back  centre  S  of  each  of  the  six  spools  in 
the  machine,  pass  right  through  the  whole  length  of  the  machine, 
as  shown  by  the  strong  full  and  dotted  lines  in  Fig.  1,  Plate  14, 
having  arms  fixed  upon  them  to  give  the  required  movements  to  the 
several  parts.  Each  arm  is  fixed  upon  its  own  slide  rod  by  a  set 
screw,  and  has  holes  in  it  through  which  the  other  two  rods  slide 
freely  ;  this  avoids  having  to  make  the  arms  cranked  to  clear  the  rods, 
and  the  rods  thus  serve  the  double  purpose  of  communicating  the 
longitudinal  movements  and  of  also  acting  themselves  as  guides  to 
the  arms  upon  them,  thereby  giving  great  steadiness  of  motion  and 
compactness  of  construction.  Each  slide  rod  is  worked  by  a  separate 
cam,  as  shown  in  Fig.  1,  the  movements  of  each  being  entirely 
independent  and  distinct  from  those  of  the  other  two. 

Of  the  three  driving  pulleys  Y  at  the  right  end  of  the  machine, 
Fig.  1,  Plate  14,  the  outside  one  drives  the  whole  of  the  winding 
apparatus  and  the  screw  that  gives  the  traverse  to  the  thread  guides  ; 
and  the  inside  pulley  drives  the  whole  of  the  change  cams  which 
perform  the  several  operations  that  take  place  whilst  the  winding  is 
stopped.     The  driving  belt  is  traversed  backwards  and  forwards  from 
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one  pulley  to  the  other  by  a  cam  driven  from  the  middle  pulley  of  the 
tiiree ;  this  pnlley  gears  with  an  intermediate  shaft,  on  which  is  a 
fndim  wheel  covered  with  leather,  rmming  against  another  friction 
wheel  on  the  cam  shaft,  as  shown  in  Figs.  12  and  13,  Plate  18. 
The  intermediate  shaft  W  is  kept  perpetually  running,  the  driving 
belt  hemg  always  partly  on  the  middle  pulley ;  but  the  friction  wheel  X 
GO  the  cam  shaft  has  its  circumference  notched  away  at  two  opposite 
points,  so  that  it  makes  only  half  a  revolution  at  a  time  and  then  loses 
the  Kte  of  the  friction  wheel  W.  One  half  revolution  of  the  cam 
shifb  tiie  driving  belt  from  the  outside  driving  pulley  to  the  inside 
one,  and  the  other  half  revolution  shifts  it  back  again  ;  and  the  same 
shaft  X  carries  also  the  cams  that  put  on  the  breaks  for  stopping  those 
parts  of  the  machine  that  are  thrown  out  of  gear  by  the  change  of 
driving  belt.  An  escape  plate  on  the  cam  shaft  has  two  stops  upon  it^ 
shown  dotted  in  Figs.  12  and  13,  which  are  caught  at  each  half 
reTohtion  by  a  catch  on  the  escape  lever  Y,  so  that  the  cam  shaft  X 
is  stopped  dead  the  instant  that  the  friction  wheels  lose  their  bite. 
The  npper  end  of  the  escape  lever  Y  is  attached  to  the  shaper  plate  H 
that  regalates  the  traverse  of  the  thread  guides,  whereby  the  change 
of  belt  is  made  dependent  on  the  completion  of  the  other  movements 
ofthemadiine. 

As  the  cam  shaft  X,  Plate  18,  is  stopped  at  the  time  when  the 
Unction  wheels  have  lost  their  bite  of  one  another,  as  shown  in 
Pig.  12,  it  requires  a  slight  turn  to  start  it  again  till  the  wheels  bite; 
^  is  given  by  the  maintaining  spring  Z,  which  bears  against  two 
fitods  on  the  escape  plate,  and  turns  the  notched  wheel  X  on  far 
fnongh  to  enable  the  leather  friction  wheel  W  to  bite  and  perform  the 
half  revolution,  as  shown  in  Fig.  13.  This  maintaining  spring 
corresponds  to  the  maintaining  spring  in  a  clock,  which  keeps  the 
dock  going  during  the  time  of  winding  up. 

The  order  in  which  the  several  operations  performed  by  the 
luvldne  take  place  is  explained  by  the  diagrams  in  Plate  19,  which 
show  the  forms  of  the  changing  cams  and  their  relative  times  of 
action,  and  the  manner  in  which  the  successive  movements  of  the 
Baddne  are  arranged  to  follow  and  take  up  the  work  one  after  another. 
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after  the  winding  of  the  thread  is  completed.  In  these  diagrams  the 
path  of  each  cam  is  delineated  on  a  straight  line  as  a  datum  line, 
which  maj  represent  the  centre  line  upon  which  the  path  of  the  cam  is 
to  be  constructed,  its  length  corresponding  to  the  circumference  of  the 
cam  in  that  line.  The  vertical  lines  are  80  degrees  apart,  the  first 
and  last,  marked  respectively  0°  and  860^,  representing  the  same 
part  of  the  cam.  The  circles  represent  the  rollers  which  the  cams  act 
upon,  and  are  all  supposed  to  travel  in  the  direction  of  the  arrow. 
Fig.  14  represents  the  cam  for  lifting  the  thread  guide  B,  Fig.  3, 
Plate  16  ;  Fig.  15  represents  the  thread-fixing  and  cutting  cam  ; 
Fig.  16  the  cam  which  makes  the  incision  in  the  edge  of  the  spool 
for  securing  the  end  of  the  thread ;  Fig.  17  the  cam  which  pushes 
the  thread  to  one  side ;  Fig.  18  the  cam  which  shifts  the  back 
centre  S  ;  Fig.  19  the  cam  which  shifts  the  winding  spindle  R  ;  and 
Fig.  20  the  cam  which  works  the  feeding  cradle  T. 

When  the  filling  of  the  spools  is  taking  place,  the  driving  belt  is 
then  working  upon  the  outside  and  middle  driving  pulleys  V,  Fig.  1, 
driving  the  whole  of  the  winding  and  traversing  gearing.  The  thread 
guides  rise  as  the  spools  fill,  till  the  last  layer  but  one,  when  their 
rise  is  obstructed  by  a  cam  which  gives  extra  pressure  to  polish  the 
thread  ;  but  by  the  time  the  last  layer  is  wound  on  the  spool,  the  cam 
has  turned  on  far  enough  to  remove  the  obstruction  to  the  rise  of  the 
thread  guide.  At  the  same  time  the  escape  plate  X,  Fig.  12,  is 
released,  and  the  belt-changing  cam  causes  the  driving-belt  to  be 
traversed  on  to  the  inside  driving  pulley,  for  fastening  off  the  thread 
and  changing  the  spool ;  and  at  the  same  instant  lifts  the  break  off 
this  pulley,  and  puts  on  the  break  K,  Fig.  2,  to  stop  the  winding 
apparatus. 

At  the  5th  degree  of  rotation  of  the  cam  shafts  the  thread  guide 
begins  to  lift  clear  of  the  spool,  as  shown  in  the  diagram)  Fig.  14, 
Plate  19,  and  has  finished  lifting  at  the  25th  degree,  and  then 
becomes  stationary.  The  hook  for  drawing  the  thread  down  into  the 
nick  on  the  spool  begins  to  rise  at  about  the  12  th  degree  of  rotation, 
Fig.  15,  and  has  attained  the  greatest  height  at  the  55th  degree, 
and  then  remains  stationary  for  a  few  degrees .  The  incision  knife 
begins  to  descend  at  the  15th  degree,  Fig.  16,  and  has  made  the  cut 
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in  the  edge   of   the    spool  at  the  40th  degree,  and  then  remains 
lUtionary,  while  the  spring  point  connected  with  it  presses  on  the  spool 
ud  prevents  the  thread  from  getting  unwound.     The  thread-pushing 
finger  begins  its  longitudinal  movement  at  the  25th  degree,  Fig.   17 , 
tnd  ends  at  the  65th  degree,  when  it  has  drawn  the  thread  round  the 
ipiing  noint  and  past  the  end  of  the  spool ;    the  finger  then  remains 
stationary,  and  at  this  point  the  hook  begins  to  make  the  descending 
movement,  Fig.  15,  having  caught  the  thread  pushed  past  the  edge  of 
the  spool  by  the  finger.     At  the  same  time  that  the  hook  begins  to 
detoend,  the  incision  knife  beg^s  to  rise.  Fig.   16,  and  has  risen 
soffidently  to  lift  the  knife  out  of  the  incision  at  the  85th  degree  of 
rotsdon,  when  it  remains  stationary  till  The  95th  degree,  to  give  time 
for  the  thread  to  be  drawn  into  the  incision  by  the  descending  move- 
ment of  the  hook.     The  knife  then  begins  to  rise  again  and  lift  the 
spring  point  from  off  the  spool,  the  ascending  movement  ending  at 
the  105th  degree  ;  and  having  completed  its  work  it  then  remains  in 
its  original  position  clear  of  the  spool  during  the  rest  of  the  revolution, 
as  shown  in  Fig.  6,  Plate  17.     The  finger  remains  stationary  between 
the  65th  and   92nd   degrees  of    rotation.    Fig.    17  ;    and  having 
completed  its  work  retires  between  the  92nd  and  145th  degrees  to  its 
first  position. 

At  the  140th  degree  of  rotation  the  back  centre  begins  a  short 
backward  movement.  Fig.  18,  which  ends  at  the  150th  degree ;  the 
object  of  which  is  to  give  clearance  so  that  the  full  spool  may  be  freely 
diseharged.  The  winding  spindle  also  begins  its  movement  at  the 
140th  degree,  Fig.  19,  to  withdraw  the  spindle  from  the  full  spool, 
which  is  pushed  off  it  by  coming  against  a  projection  on  the  bush 
forming  the  bearing  of  the  shaft  that  drives  the  spindle,  as  shown  at  K 
in  Fig.  6,  Plate  17.  Tho  winding  spindle  is  completely  withdrawn 
st  the  195th  degree.  Fig.  19,  and  then  remains  stationary  till  the 
215th  degree,  when  it  begins  to  advance  again  into  its  first  position, 
St  which  it  arrives  at  the  275th  degree,  and  is  now  again  in  its 
winding  position,  ready  to  receive  the  fresh  empty  spool.  At  the  185th 
degree  the  back  centre  begins  to  be  withdrawn,  Fig.  18,  so  that  the 
copiy  spool  may  be  brought  into  the  feeding  position,  and  it  is 
eompletely  withdrawn  at  the  240th  degree,  when  it  becomes  stationary. 
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At  this  point  the  feeding  cradle  containing  the  empty  spool  begins  to 
rise,  Fig.  20,  and  has  brought  the  axis  of  the  empty  spool  opposite  to 
the  winding  spindle  at  the  270th  degree  of  rotation,  when  it  becomes 
stationary.  The  back  centre  having  remained  stationary  till  the 
275th  degree,  Fig.  18,  begins  to  make  the  return  moyement,  advan- 
cing again  into  its  first  position,  which  it  attains  at  the  325th  degree; 
during  this  movement  it  pushes  the  empty  spool  from  the  cradle  on 
to  the  winding  spindle,  the  thread  being  caught  and  pinched  between 
the  end  of  the  spool  and  the  shoulder  on  the  winding  spindle.  The 
feeding  cradle  which  has  been  stationary  to  the  315th  degree,  Fig.  20, 
is  then  lowered  again  to  its  first  position,  at  which  it  arrives  at  the 
345th  degree.  The  hook  which  has  been  stationary  to  the  342nd 
degree.  Fig.  15,  holding  the  end  of  the  thread,  begins  then  to  rise  to 
its  first  position,  at  which  it  arrives  at  the  352nd  degree,  when  the 
end  of  the  thread  is  liberated  from  the  pinching  spring ;  and  the 
thread  guide  which  has  been  stationary  to  the  325th  degree,  Fig.  14, 
begins  to  lower,  the  cam  ceasing  its  action  at  the  355th  degree  of 
rotation. 

The  operations  of  changing  the  spools  are  now  entirely  completed ; 
and  by  the  time  the  cam  shafts  have  completed  their  360th  degree  of 
rotation,  a  crank  upon  one  of  them  causes  the  escape  plate  X,  Fig.  13, 
to  be  liberated,  and  the  belt-changing  cam  immediately  turns  and 
traverses  the  driving  belt  on  to  the  outside  pulley  which  drives  the 
winding  gearing,  applying  the  break  to  the  inner  pulley,  and  taking 
off  that  which  stops  the  winding.  The  filling  of  the  spools  then 
commences,  and  the  same  series  of  operations  are  repeated  for  each 
set  of  spools  filled  with  thread. 

To  work  these  self-acting  spooling  machines  it  is  important  that 
the  spools  should  be  of  uniform  size  and  shape.  Spools  turned  bj 
hand  would  not  be  sufficiently  uniform  in  this  respect ;  and  when  this 
machine  was  first  introduced  machine-made  spools  were  not  as  uniforxa 
in  size  as  they  have  since  become.  But  what  is  wanted  is  a  uniform 
standard  size  and  shape  for  spools :  at  present  each  maker  has  his 
own  size  and  shape,  and  they  are  not  constructed  according  to  any 
definite  rule.     A  uniform  standard  would  be  a  great  advantage  in 
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the  self-ac^g  spooling  machine,  as  the  same  shaper  plate  conld  he 
used  for  all  the  spools :  the  machine  however  admits  of  being  instantly 
changed  and  adapted  to  any  other  form  of  spool,  by  simply  removing 
the  shaper  plate  and  snbstitnting  another  of  the  new  form.  After  an 
examination  of  a  great  number  of  specimens,  the  best  proportions  for 
spools  are  considered  to  be  the  following : — the  diameter  of  the  heads 
e({iiAl  to  three  fourths  of  the  length  ;  the  diameter  of  the  barrel  half 
the  diameter  of  the  heads  or  three  eighths  of  the  length  of  the  spool ; 
the  length  of  the  barrel  half  the  length  of  the  spool ;  and  the  bevil  at 
eadi  end  at  an  angle  of  45  degrees,  thus  leaving  a  margin  at  each  end 
of  the  spool  of  one  sixteenth  of  the  length  of  the  spool.  The  angle 
of  45  degrees  is  most  convenient  for  the  thread  guide,  and  gives 
Eoffident  strength  in  the  heads  of  the  spool :  where  the  angle  is  more 
icnte  the  heads  are  thin  and  the  pressure  of  the  thread  frequently 
breaks  them  off  from  the  barrel.  It  is  also  suggested  that  each  size 
of  spool  shall  be  numbered  and  known  by  a  number,  and  that  this 
niunber  shall  represent  the  length  of  the  spool  in  tenths  of  an  inch  ; 
60  that  when  the  number  of  a  spool  is  known  its  size  and  proportions 
win  be  known  also. 

The  diagram  Fig.  21,  Plate  19,  is  a  scale  for  constructing  the 
pn^)08ed  standard  spools.  The  horizontal  line  is  divided  by  vertical 
Kbcs  at  equal  distances  apart ;  and  at  the  last  vertical  line,  say  the 
twentieth,  intended  to  represent  the  largest  spool,  a  point  is  marked 
off  representing  the  entire  length  of  the  spool  or  20  tenths  of  an 
iodk.  This  -vertical  line  is  then  divided  into  the  proportions  for  the 
spods  as  above  suggested ;  and  straight  lines  are  drawn  from  the 
t^end  pointB  thus  obtained  to  the  other  end  of  the  horizontal  line, 
vhtfeby  the  rest  of  the  vertical  lines  are  ail  divided  into  similar 
proportions ;  and  each  vertical  line  being  numbered  from  the  small 
od  of  the  scale  will  thus  have  upon  it  all  the  dimensions  for  that 
BBmber  of  spool.  Upon  the  diagram,  spools  are  represented 
constrocted  according  to  the  scale  from  the  smallest  up  to  the  largest 
fiize. 

The  self-acting  spooling  machine  will  fill  one  set  of  spools  in  about 
ooe  minute,  placing  200  yards'  length  upon  each  spool ;  occupying 
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about  54  seconds  of  that  time  in  winding  and  abont  6  seconds  in 
changing  the  fall  spools  for  empty  ones.  One  machine  will  fill  on  an 
average  18  to  20  gross  of  spools  per  daj  of  ten  hours,  including  all 
stoppages  for  supplying  thread  &c.  It  requires  the  attention  of  one 
person,  but  there  is  no  skill  necessary  as  in  hand -winding ;  for  a 
person  who  has  never  been  employed  in  spooling  thread  and  has  never 
seen  a  similar  machine  before  will  learn  all  that  is  required  in  a  few 
days.  With  the  hand-spooling  machines  one  winder  can  fill  3  gross 
of  spools  per  day  on  an  average,  placing  200  yards  on  each  spool,  at 
wages  of  from  6d.  to  Tj^d.  per  gross,  and  can  earn  from  9«.  to  10^. 
per  week.  One  self-acting  spooling  machine  of  six  heads  will  thus  do 
the  work  of  six  hand  spoolers  ;  so  that,  omitting  the  consideration  of 
skill,  five  sixths  of  the  labour  in  spooling  sewing  thread  is  economised. 
And  this  is  not  the  only  advantage,  but  there  is  another  important 
saving :  of  the  same  quantity  of  material  supplied  to  hand  spoolers 
and  to  the  self-acting  machine,  the  latter  returns  2  per  cent,  more 
than  the  former,  showing  that  more  waste  is  made  in  hand  spooling 
than  by  the  machine. 

In  conclusion,  to  give  an  idea  of  the  importance  of  the  machine  in 
money  value,  it  may  be  stated  that  if  generally  adopted  it  will  effect 
a  saving  in  labor  and  material  of  £100,000  per  annum,  the  interest 
of  a  capital  of  two  millions.  The  extent  and  importance  of  the  trade 
may  be  judged  of  from  the  fact  that,  according  to  a  moderate  estimate, 
upwards  of  three  thousand  persons  are  employed  in  the  United 
Kingdom  in  spooling  sewing  thread  by  the  hand  machines  ;  and  they 
produce  between  three  and  four  hundred  millions  of  spools  per  annum, 
of  an  average  length  of  200  yards  each,  and  each  thread  averaging 
four  single  threads. 


Mr.  Wbild  showed  a  working  model  of  the  spooling  machine, 
illustrating  the  successive  movements  performed  in  the  process  of 
winding  the  thread  and  changing  the  spools ;  and  also  specimens  of 
the  more  important  parts  of  one  of  tiie  machines.  He  described  the 
early  plans  of  winding  thread  in  balls,  and  exhibited  at  work  an 
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origiiul  liand-balling  machine  constructed  by  a  Frenchman  in 
Manchester  about  the  jear  1800  and  belieyed  to  be  the  earliest 
machine  for  the  purpose,  and  another  constructed  bj  Brunei  several 
years  later ;  together  with  a  specimen  of  one  of  the  present  hand- 
spooling  heads. 

The  Ghaibkah  asked  how  long  the  self-acting  spooling  machines 
bad  been  at  work,  and  how  many  of  them  were  in  operation. 

Mr.  Weild  said  the  first  experiments  in  spooling  by  a  self-acting 
machine  were  made  about  three  years  ago,  and  the  machine  had  now 
been  about  18  months  at  work ;  there  were  already  about  SO  of  the 
machines  altogether  at  work  successfully  in  different  parts  of  the 
€oimtiy,  principally  at  Huddersfield,  Manchester,  Derby,  Paisley,  and 
Glasgow.  The  rate  at  which  the  work  was  done  was  greatly  increased 
as  compared  with  hand  winding,  the  hand- spooling  machines  winding 
only  3  gross  of  spools  each  in  a  day,  while  the  self-acting  machine 
with  six  heads  wound  20  gross  per  day,  and  sometimes  as  many 
^  22  gross,  putting  200  yards  of  thread  on  each  spool. 

The  Chairman  enquired  what  was  the  cost  of  the  machine. 

Mr.  Weild  said  the  cost  of  a  machine  with  six  heads  for  winding 
six  spools  at  a  time  was  about  £100.  The  most  expensive  portions 
of  the  machine,  the  vrinding  and  changing  gearing  and  the  several 
cam  motions,  were  just  the  same  whether  there  were  six  heads  or  only 
one;  and  therefore  a  large  machine  was  not  much  more  expensive 
than  a  small  one. 

Mr.  J.  Ahderson  asked  how  the  length  of  thread  wound  on  the 
spools  by  the  self-acting  machine  was  determined,  and  whether  any 
variation  could  be  made  in  the  length  by  winding  it  slacker  in  some  of 
^  layers. 

Mr.  Weild  replied  that  the  machine  was  adjusted  for  any  length 
ttd  form  of  spool  by  simply  changing  the  shaper  template  that 
Rgnlated  the  travel  of  the  thread  guide  ;  and  the  number  of  teeth  in 
the  ratchet  advancing  the  shaper  template  determined  the  length  of 
thread  wound,  by  fixing  the  number  of  layers  put  on  the  spool.  A 
ilight  variation  in  the  tension  on  the  thread  in  winding  would  produce 
a  difference  of  a  yard  in  the  length  of  200  yards  put  on  the  spool ; 
^t  in  the  machine  the  thread  was  delivered  on  to  the  spool  through 
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the  spring  fingers  of  the  thread  guide,  the  pressure  heing  adjusted  by 
a  set  screw,  which  gave  it  a  uniform  degree  of  tension  throughout  tiie 
whole  winding.  The  machine  must  consequ^tly  alwajs  put  the  fall 
length  of  thread  on  the  spools,  and  there  could  he  no  tampering  with  it. 
In  hand- winding  the  thread  might  be  put  on  carelessly  in  the  inner 
layers  without  being  even  and  solid,  and  then  smoothed  down  in  the 
outside  layers  by  extra  pressure  with  a  smoothing  pad,  so  as  to  look 
well  externally ;  but  in  the  present  machine  the  winding  must  be  done 
equally  well  all  through,  the  whole  of  the  winding  being  thus  equal  to 
the  best  of  the  hand-winding.  He  showed  specimens  of  spools  wound 
by  hand -spooling  heads  and  by  the  self-acting  machine ;  and  of 
winding  done  by  eye  alone  without  a  guide  for  the  thread,  but  simply 
smoothed  over  in  the  last  few  layers. 

The  swivelling  grooved  guide  delivering  the  thread  on  to  the  spool 
was  a  practical  improvement  of  considerable  importance  in  the  self- 
acting  machine;  for  though  only  a  very  slight  alteration  in  the 
obliquity  was  required,  it  was  still  enough  to  make  the  difference 
between  smooth  and  rough  winding;  and  the  machine  was  nearly 
being  abandoned  at  first  on  account  of  the  difficulty  of  winding  the 
thread  with  a  fixed  guide.    In  hand-winding  the  obliquity  of  the  guide 
was  altered  by  a  slight  twist  of  the  hand  to  agree  with  the  alternate 
inclination  of  the  thread,  so  that  the'  smoothness  of  the  winding  was 
entirely  dependent  on  the  skill  of  the  winder ;  but  in  the  machine  the 
change   of  direction  of  the  thread  itself  was  sufficient  to  turn  the 
swivelling  guide  through  the  angle  required,  and  the  winding  was 
consequently  as  smooth  and  good  in  all  the  layers  as  in  the  last.     He 
showed  one  of  the  hobs  or  dies  for  cutting  the  grooves  in  the  thread 
guides,  which  were  of  very  fine  make  and  of  various  sizes,  from  180 
grooves  per  inch  down  to  40,  according  to  the  thickness  of  the  thread 
to  be  wound ;  and  the  grooves  were  made  truly  semicircular  at  the 
bottom  in  order  to  keep  the  thread  round  and  not  flattened  by  the 
pressure  of  an  angular  groove,  as  it  was  considered  damaged   if 
flattened. 

Mr.  J.  Akderson  enquired  what  sort  of  wood  was  used  for  making 
the  spools,  and  whether  it  was  steamed  or  prepared  in  any  way  for 
cutting  them  out. 
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Mr.  Wbii<i>  said  the  spools  were  made  of  ordizkary  birdiwood,  which 

wig  only  dried  and  cat  up  by  a  circular  saw  into  transyerse  slices  like 

tk  Bpedmtia  shown,  oorrespondmg  to  the  length  of  the  spools ;  some- 

toBM  \\  was  steamed  beforehand,  when  hi  s  greener  state  than  nsital. 

The  dentaad  for  spools  was  so  great  that  it  had  occasioned  a  seareity 

of  >wn^ood  in  this  oocmtry ;  and  a  krge  Paisley  mamnfaetDrer  had 

imported  tuned  spools  from  America  cheaper  than  they  oould  be  made 

bete,  sKhongh  with  the  present  taming  machines  a  boy  at  Is,  a  week 

oodd  prodoce  80  gross  of  spools  per  day.     The  slice  of  birchwood  was 

pboed  under  a  maehine  like  an  upright  drill,  haying  a  rapidly  revolring 

crown  saw  with  a  drill  in  the  centre,  which  cut  out  cylindrical  pieces  of 

wood  of  the  siae  of  the  spool,  with  a  hole  ready  bored  through  the 

centre.    These  were  put  in  the  hopper  of  the  turning  machine  l^  a 

boy,  sad  fed  to  a  lathe  haring  a  set  of  cuttix^  tools  fixed  in  slides, 

whieh  came  into  action  successively  to  turn  the  sides  and  ends  of  the 

wpocAs ;  one  revolution  of  a  cam  then  completed  the  turning  of  the 

9pink.    Some  of  the  taming  machines  were  only  partly  self-acting, 

harii^  the  catting  tools  brought  up  by  a  hand  lever. 

Mr.  J.  Ahdsbsov  supposed  the  spools  must  be  driven  very  quick 
for  cattoig  the  soflk  wood  smooth  without  splitting. 

Mr.  Wan^n  said  the  speed  was  so  great  that,  although  the  wood 
was  est  croeswi^  of  the  grain,  the  whole  of  the  cutting  was  thrown 
ctf  in  a  single  continuous  taming,  like  a  shaving  from  a  plane,  down 
to  Uie  very  bottom  of  the  spool,  instead  of  in  a  number  of  small 
tanbgs. 

Mr.  £.  A.  CowFBB.  thought  the  two  reversing  springs  arranged  in 
aoanuxion  with  the  sfaaper  template  for  reversing  the  travel  of  the 
thiesd  guides  formed  a  particularly  ingenious  contrivance  in  the 
iBisrhiuii :  as  tiie  tracing  fiager  moved  along,  it  charged  one  of  the 
ipviogs  gradually,  whereby  it  was  suddenly  thrown  down  or  up  at  the 
Old  of  ita  travel  across  Ihe  sbaper  template,  and  it  then  charged  the 
otiitf  spring  similarly  on  its  return ;  the  same  instrument  being  thus 
Bade  to  move  first  up  and  then  down  by  entirely  self-^aeting  means, 
wifihoQl  any  driving  motion  being  communieated  to  it,  except  the 
saB|ds  reetprocating  horizontal,  movement  received  from  the  traversing 
ecrsw.     He  enquired  whether  the  contact  shaft  at  the  back  of  the 
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machine  made  any  of  the  changes  required  in  the  winding  or  spool - 
changing  movements. 

Mr.  Weild  said  the  only  purpose  of  the  notched  wheel  was  to 
shift  the  driving  helt  from  the  outside  pulley  driving  the  winding 
apparatus  to  the  inside  pulley  driving  the  change  movements,  and 
hack  again  alternately.  The  arrangement  was  commonly  known  as 
Roberts'  contact  pulley,  originally  used  in  the  self-acting  mule,  for 
making  intermittent  movements  with  alternate  intervals  of  rest. 

Mr.  F.  J.  Bramwbll  observed  that  neither  of  the  three  driving 
pulleys  was  really  a  loose  pulley,  and  since  the  middle  one  had  the 
strap  always  on  and  was  consequently  always  running,  the  driving 
power  was  always  ready  for  shifting  the  belt  at  the  instant  when 
required ;  so  that  the  continuous  driving  of  the  machine  was  kept 
up  without  intermission,  though  each  portion  of  it  stood  still  in 
turn. 

The  Sborbtabt  had  seen  the  self-acting  winding  machines  at  work 
at  Huddersfield,  and  could  confirm  the  statements  as  to  their  satis- 
factory  working :  the  great  speed  of  winding,  and  the  effective  manner 
in  which  the  winding  was  suddenly  stopped  dead  when  completed, 
were  very  striking ;  and  also  the  steady  and  gradual  action  of  the 
succeeding  change  movements  in  fastening  off  and  cutting  the  thread 
and  changing  the  spools.  The  working  of  the  machine  appeared  very 
perfect  and  complete,  and  was  stated  by  the  proprietor  to  be  thoroughly 
successful. 

Mr.  Weild  remarked  that  one  great  difficulty  that  had  been 
experienced  at  first  in  getting  the  machine  to  work  was  to  stop  the 
winding  at  the  right  moment  when  the  spools  were  fiill.  In  winding 
by  hand,  the  motion  being  controlled  by  the  winder  could  be  gradually 
retarded,  so  as  to  stop  exactly  at  the  end  of  the  last  layer  of  thread  ; 
but  in  the  machine  the  great  momentum  of  the  winding  parts 
retolving  at  such  a  high  speed  rendered  it  impossible  to  stop  at  the 
right  point,  imtil  the  powerful  friction  break  was  adopted,  consisting 
of  a  strap  passing  round  a  friction  pulley  of  large  diameter.  By  this 
means  the  winding  was  stopped  dead  at  the  proper  point,  but  without 
any  shock,  and  the  gearing  and  spools  were  all  held  quite  stationary 
while  the  change  movements  were  performed. 
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The  Chairman  moved  a  vote  of  thanks  to  Mr.  Weild,  which  was 
psssed,  for  his  very  interesting  paper,  and  the  trouble  he  had  taken  in 
preparing  the  drawing  and  model  hj  which  its  ingenious  action  was 
exhihited  so  completely. 


The  following  paper  was  then  read  : — 
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ON  A  NEW  MODE  OF  COKING  IN  OVENS, 
APPLIED    TO    THE    STAFFORDSHIRE    SLACK. 


By  Mr.  ALEXANDER  B.  COGHBANE,  of  Dudley. 


Many  varieties  of  Coke  Orens  have  from  time  to  time  been 
invented  with  a  view  to  economise  the  cost  of  coking,  which  have 
met  with  variable  success ;  and  attempts  have  recently  been  made  to 
perfect  the  adoption  of  flues  underneath  the  floor  of  the  ovens,  which 
were  tried  so  long  ago  as  1853  by  Mr.  Joseph  Dunning  and  have  since 
been  attempted  frequently  but  with  only  partial  success.  The  subject 
of  coking  has  a  most  important  bearing  upon  railways  especially ; 
and  if  coke  could  be  obtained  at  a  cost  approximating  more  nearly  to 
the  price  of  large  coals  than  can  possibly  be  the  case  under  the 
ordinary  system  of  coking  whereby  little  more  than  a  yield  of  50  per 
cent,  is  obtained,  the  advisability  of  again  reverting  to  coke  in 
locomotives  instead  of  coal  would  be  considered,  and  would  probably 
be  judged  expedient. 

In  the  ordinary  plan  of  coking,  the  oven  in  which  the  process  is 
performed  is  a  roimd  chamber  about  10  feet  internal  diameter,  as 
shown  in  Fig.  7,  Plate  22,  the  floor  of  which  slopes  gently  from  the 
back  to  the  front;  the  oven  is  covered  in  by  a  dome  springing  at 
about  4  feet  from  the  floor  and  rising  to  about  8  feet  at  the  highest 
point.  At  the  centre  of  the  dome  the  charging  orifice  is  sitaated, 
which  serves  as  a  chimney  in  the  simplest  form  of  oven,  and  as  the 
entrance  into  the  general  flue  of  a  series  of  ovens  where  a  separate 
chimney  is  employed.  The  coke  is  drawn  out  through  the  door  in 
front  of  the  oven,  and  in  some  instances  the  coals  are  also  charged 
through  the  door.  In  such  an  oven,  whether  it  be  open-topped,  or 
whether  the  gases  and  smoke  instead  of  being  allowed  to  escape 
immediately  into  the  atmosphere  are  conveyed  along  a  general  flue  to 
a  suitable  chimney,  the  process  of  coking  is  carried  on  from  the  top  of 
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(he  ooals  oalj,  travelling  downwards  until  it  reaches  the  floor  of  the 
orens.  Bat  the  coking  could  not  be  carried  on  without  a  considerable 
qotatity  of  air  being  admitted  during  a  certain  period  at  least  of  the 
prooeM ;  and  the  hct  is  that  the  coking  is  effected  at  the  expense  of 
tiie  oomhiistion  of  a  certain  percentage  of  the  coke  which  the  charge 
of  eoals  ought  to  yield.  Were  not  air  admitted,  the  process  would 
stop;  and  as  it  is,  the  orens  are  subject  to  great  irregularities  from  the 
uieertein  draught  in  variable  states  of  the  atmosphere.  This  is 
evidenced  hy  the  fact  that  if  the  draught  of  an  oven  is  interfered  with 
tke  cfYfSk  does  not  get  ''burnt  off"  as  it  ought  to  be,  requiring 
periufs  a  daj  longer  to  be  completed  or  even  more ;  and  when  the 
oren  is  drawn  it  will  be  found  that  the  coke  is  accompanied  with  the 
c^ectioaable  a^)eanaioe  due  to  what  are  called  ''black  ends"  or 
ptrtiallj  coked  coals.  This  great  evil  has  been  in  a  measure  corrected 
^  the  adoptaon  of  a  tall  chimney  to  a  series  of  ovens,  but  in  that  case 
visa  another  objection :  in  a  long  series  of  ovens  it  is  difficult  to 
maka  the  influence  of  the  chimney  felt  throughout ;  and  consequently 
of  the  two  systems  the  original  one  is  still  preferred  in  some  instances. 
In  connectiBg  a  chimney  to  a  series  of  ovens  the  arrangement  found 
MSt  18  to  place  say  48  ovens  in  a  double  row  of  24  each,  back  to  back, 
with  a  central  flue  passing  between  the  two  rows  into  a  chimney 
oocapjring  a  central  position  in  the  block  of  ovens.  But  even  in 
n^  an  anrangement,  where  the  farthest  oven  is  separated  by  only 
11  intermediate  ovens  from  the  central  chimney,  it  is  found  impossible 
to  prerent  the  speedy  burning  off  of  the  oven  nearest  the  chinmey  and 
the  tardy  boming  off  of  the  farthest,  the  intermediate  ovens  varying 
ifl  their  regularity  according  to  their  distance.  It  is  said  the  oven 
neiTCat  the  chimney  is  capable  of  being  burnt  off  without  intentional 
^ibunion  of  air,  which  in  the  other  ovens  is  usually  allowed  to  enter 
by  only  partially  dosing  the  door ;  but  the  real  fact  is  that  the 
<hnght  of  the  ohinmey  exercising  its  greatest  force  on  the  nearest 
<)voi  draws  in  a  quantity  of  air,  imperceptibly  though  not  the  less 
ttflnily,  through  the  imperfect  joints  of  the  temporary  door  and  of 
^  txtenial  and  internal  masonry ;  and  each  oven  only  apparently 
'tqsbes  mors  air  as  it  recedes  from  the  chimney.  At  the  Gloucester 
^vay  station  the  writer  believes  it  was  attempted  several  years 
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ago  to  correct  this  eyil  by  arranging  a  series  of  ordinary  OYcns  in 
a  circle  around  a  central  chimney,  and  no  doubt  the  difficulty  as 
regarded  the  draught  was  remored ;  but  from  some  cause  or  other  the 
whole  system  is  now  swept  away.  Buch  an  arrangement  however  as 
that  of  a  central  chimney  with  the  ovens  arranged  in  a  circle  round  it 
would  evidently  constitute  a  marked  improvement  so  far  as  regularity 
of  draught  for  each  oven  is  concerned ;  but  it  is  equally  clear  that 
with  the  ordinary  construction  of  ovens  as  above  described  much 
ground  would  be  sacrificed  by  such  a  plan. 

The  yield  of  ordinary  coke  ovens  rarely  exceeds  50  to  52  per  cent, 
of  the  coal  supplied.  The  experiments  which  have  been  made  to 
bring  about  the  adoption  of  flued  ovens  have  pointed  to  the  importance 
of  making  use  of  the  waste  heat  from  the  ordinary  coke  ovens  to 
assist  in  the  process  of  coking.  Indeed  all  flued  ovens  have  one 
common  object :  to  make  the  waste  gases  circulate  in  flues  either 
beneath  the  floor  of  the  oven,  where  they  are  ignited  by  suitable 
admission  of  air ;  or,  as  in  one  instance,  around  the  top,  sides,  and 
floor  of  the  oven.  As  may  be  supposed,  the  rapidity  with  which  the 
coking  is  performed  is  greatly  increased,  and  the  non-admission  of 
air  to  the  contents  of  the  oven  is  a  source  of  great  increase  in  the 
yield :  but  the  wear  and  tear  on  this  class  of  ovens  is  excessive. 
In  one  instance,  where  the  waste  gases  are  made  completely  to 
envelope  the  oven,  the  wear  and  tear  amounts  to  no  less  than  Gef. 
per  ton  of  coke  produced  ;  and  in  a  recent  plan  the  writer  understands 
the  flues  underneath  the  floors  of  the  ovens  are  in  a  very  short  time 
so  destroyed  that  the  oven  must  be  laid  off  for  repairs,  far  too 
frequently  to  make  the  plan  commercially  successful. 

The  plan  of  coke  oven  forming  the  subject  of  the  present  paper, 
the  invention  of  Mr.  Henry  Eaton  of  Bordeaux,  is  believed  to  fulfil 
the  requirements  of  a  good  coke  oven  more  completely  than  ovens  on 
the  ordinary  plan  or  those  having  flues  underneath  the  floor.  About 
the  middle  of  last  year  the  writer,  having  to  decide  on  the  class  of 
oven  to  be  adopted  at  his  Tursdale  Colliery  in  the  county  of  Durham, 
after  a  carefnl  investigation  into  the  merits  of  various  plans  determined 
to  build  an  experimental  block  of  12  ovens  on  Mr.  Eaton '8  plan  at 
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the  Woodside   Iron   Works,  Dudlej,  with  the  intention  not  only  of 

testing  the  value  of  the  ovens  for  coking  North  country  coal,  but  also 

of  trpng  -what  could  be  done  in  coking  the  intractable  slack  of  the 

Staffordshire  Thick  coal,  the   ^'fine'^    of  which  has  hitherto  been 

tkrown  away   as  -waste  in  very  large  quantities.     The  success  was 

60  far  complete  that  it  was  both  decided  to  adopt  this  system  at  the 

Tnndale  CJolliery,   where  two  blocks  of  12  ovens  each  are  now  in 

operation  on  this  plan  and  a  third  in  progress  :    and  a  second  block 

has  also  been  erected  at  Woodside,  which  has  been  at  work  for  two 

months. 

The  new  ovens  are  shown  in  Plates  20,  21,  and  22.  Figs.  1  and 
2,  Plate  20,  are  a  general  elevation  and  plan  of  a  single  block  of  the 
ovens  ;  Fig.  3,  Plate  21,  is  a  sectional  plan  to  a  larger  scale,  and 
Figs.  4  and  5,  Plate  22,  are  longitudinal  and  transverse  sections  of 
the  ovens. 

Hie  ovens,  twelve  in  number,    are   arranged  in  the  form  of  a 

cbrcolar  block,  as  shown  in  Figs.   1  and  2,   Plate  20,   of  44  feet 

diameter,   round   a  high   chinmey  in  the  centre,  which  causes  the 

draught  to  be  equal  upon  all  the  ovens,  so  that  the  coking  proceeds 

in  ill  alike  with  equal  regularity.      Each  oven  A,  Figs.  3  and  4, 

opens  at  the  back  by  a  flue  into  the  regulator  B,  from  which  is  a 

analler  flue  leading  into  the  chimney  C.     At  its  junction  with  the 

oven  the  size  of  the  flue  is  about  18  inches  square,  reduced  at  the 

regulator  B  to  8  inches  square,  and  at  the  foot  of  the  chimney  it  is 

only  6  inches  square.      The  regulator  B  is  a  rectangular  chamber 

covered  by  a  moveable  plate  perforated  with  holes  for  the  admission 

(^  air  to  the  gases  disengaged  in  the  process  of  coking.     The  square 

dnmoey  C  is  divided  at  the  base  by  diagonal  partitions  D,  Fig.  3, 

risisg  a  little  above  the  flue  levels,  the  effect  of  which  is  to  distribute 

the  dxaoght  of  the  chimney  uniformly  over  the  twelve  ovens  in  four 

ieli  of  three  each.     The  flues  do  not  enter  the  chimney  at  the  same 

level,  but  the  middle  one  in  each  set  of  three  rises  above  the  two  on 

oAer  side,  and  thus  space  is  economised  in  the  size  of  the  chimney 

at  the  hase.     The  top  of  the  chimney  is  3  feet  square  inside,  but  this 

ia  larger  than  necessary,  and  it  need  not  exceed  2  feet  7  inches  square. 

Ihe  chimney  is  lined  with  firebrick  for  12  or  15  feet  of  its  height 
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from  the  base,  to  protect  the  red  brickwork  from  the  intensity  of  the 
combufltion  which  there  takes  place.  It  will  thus  be  seen  that  the 
arrangement  of  a  central  chimnej  and  its  division  at  bottom  by  four 
partitions  creates  a  most  uniform  draught  in  each  oren  of  the  block, 
and  this  uniformity  is  one  of  the  most  important  elements  to  be 
8ecm*ed  in  coking. 

The  chimney  and  oyens  rest  on  a  foundation  E,  Fig.  4l,  Plate  22, 
made  up  of  cinders  and  dry  rubbish  free  &om  any  combustible 
ingredients,  well  rammed  in  to  secure  solidity,  ot^  which  ia  laid 
about  9  inches  of  concrete.  The  whole  block  of  ovens  is  contained 
by  brick  walls  bound  together  by  bolts  and  straps,  the  latter  being 
wrought  to  the  form  of  the  door  frames,  which  are  thereby  held  in 
their  places.  Each  oven  is  covered  in  by  an  arch,  shown  in  the 
transverse  section  Fig.  5,  every  portion  of  which  is  an  arc  of  the 
same  circle.  The  turning  of  the  arch  has  been  found  to  be  a  matter 
of  some  difficulty,  to  ensure  permanency ;  bat  has  been  satisfactorily 
accomplished  in  the  following  manner.  To  make  a  perfect  skewbadE 
for  this  arch,  the  angle  at  which  the  arch  beds  on  the  partition  walls 
of  the  ovens  should  vary  at  every  point  of  the  walls,  on  account  of 
their  diverging  from  one  another,  as  they  all  radiate  from  tike  centre 
of  the  block.  But  it  has  been  found  best  to  adopt  a  medium  angle 
throughout,  and  cut  the  last  arch  bricks  on  each  side  of  the  oven  to 
bed  properly  to  their  place.  The  rest  of  the  arch  bricks  are  all  bedded 
in  planes  parallel  to  a  centre  line  through  the  middle  of  each  oven  ; 
so  that  after  starting  from  the  skewbacks,  as  the  Knes  of  bedding 
planes  lengthen  and  approach  the  centre,  they  leave  a  parallel  strip 
the  whole  length  of  the  oven  and  the  arch  is  easily  keyed  in.  This 
done,  the  centering  being  constructed  in  three  convenient  parts  can  be 
easily  taken  to  pieces  and  removed  through  the  mouth  of  the  oven. 

The  charging  of  the  ovens',  where  one  kind  of  coal  alone  is  used, 
is  done  by  wagons  holding  about  10  cwts.  of  coal  each,  which  run 
upon  a  circular  railway  F,  Fig.  4,  Plate  22,  on  the  top  of  the  ovens. 
When  the  charging  is  completed,  the  moveable  hopper  G  is  removed, 
and  the  hole  in  the  roof  of  the  oven  closed  by  a  large  slab  and  luted 
all  round  to  make  it  air-tight.  Where  a  mixture  of  coiJ  is  needed 
it  is  usuaUy  more  convenient  to  fill  at  the  mouth  of  the  ovens.     The 
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plan,  Fig.  2,  Plate  20,  shows  half  the  block  of  ovens  with  the  railway 

for  charging  thron^h  the  roof  of  the  ovens,  and  half  without  the 

dnrging  orifioes  in  the  roof.     The  progress  of  the  coking  can  at  all 

^meft  be  inspected  through  a  sight  hole  in  the  top  of  the  door  of  each 

oven,  wluch  is  closed  by  a  small  fireclay  plug.     When  completed  the 

ccke  u  withdrawn  very  easily  from  the  ovens,  as  the  partition  walls 

•re  radial  and  diverging  from  each  other.     For  watering  the  coke 

pverioos  to  dravring,  a  water  main  H,  shown  in  section  in  Fig.  4, 

eiMarcles  the  block  of  ovens,  having  suitable  standards  fitted  with 

iadia-nibber  hose  pipes ;  at  the  end  of  the  hose  is  attached  a  long 

gms  tabe  which  is  put  in  through  the  mouth  of  the  oven  and  moved 

about  to  direct  the  water  over  the  surface  of  the  coke.     For  facility 

of  handling  the  tube  and  working  the  tools  used  in  drawing  the  coke,  a 

small  portable  crane  I,  Fig.  1,  is  provided,  easily  shifted  by  a  couple 

of  men,  having  a  double  hook  roller,  shown  in  Fig.  6,  Plate  22,  over 

which  the  tools  move  easily. 

The  mode  of  working  these  ovens  is  in  the  first  place  to  dry  them  oiT 

in  tiie  usual  way,  which  takes  four  to  six  days  from  the  first  lighting 

of  the  fires.     When  sufficiently  heated,  the  ovens  Nos.   1-4-7-10 

are  cleared  of  ashes  and  charged  on  the  first  day,  the  heat  being 

psrposely  kept  up  in  the  rest  of  the  ovens  till  they  are  in  their  turn 

barged.     On  the  second  day  the  ovens  !No8.  2-5-8-11  are  charged, 

aadoD  the  third  Nos.  3-6-9-12.     By  this  plan  of  charging  the  heat 

of  Nos.  12  and  2  is  assisting  to  impart  heat  through  the  partition 

waiUs  to  No.  1  between  them ;  the  same  takes  place  with  Nos.  4-7-10, 

each  between  a  pair  of  warm  ovens.     For  24  hours  therefore  Nos.  1- 

4-7-10  have  the  advantage  of  adjacent  heat,  by  which  time  they  have 

aeqnired  sufficient  temperature  to  permit  of  the  drawing  and  charging' 

of  the  one  set  of  adjacent  ovens  Nos.  2-5-8-11  on  the  second  day 

without  injury.      Indeed  the  first  ovens  have  acquired  a  sufficient 

d^^ee  of  temperature  to  assist  in  starting  the  operation  of  coking  in 

the  orena  charged  on  the  second  day.     The  same  remarks  apply  to 

the  charging  of  ovens  on  the  third  day,  those  of  the  first  and  second 

day  both  now  assisting  to  start  the  coking  process  in  Nos.  3-6-9-12 

charged  on  the  third  day.     For  24  hours  the  ovens  charged  on  the 

fint  and  second  day  are  now  reacting  upon  one  another,  whilst  those 

N 
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chargtjd  on  the  third  day  are  being  urged  forward  to  a  degree  whicli 
will  enable  them  on  the  fourth  day  to  permit  of  the  drawing  and 
rechargihg  of  Nob.  1-4-7-10. 

In  applying  the  new  plan  of  orons  to  the  coking  of  the  fine  slack 
of  the  Staffordshire  Thick  coal,  it  is  mixed  either  with  bituminous 
slack  from  South  Wales  or  with  a  smaller  portion  of  pitch,  in  order 
to  impart  the  necessary  caking  quality,  the  want  of  which  has 
rendered  the  Staffordshire  slack  incapable  of  conversion  into  coke 
by  any  plans  previously  tried.  •  In  either  case  the  requisite  binding 
property  is  now  obtained,  and  the  coke  is  produced  in  lumps  of  large 
size  and  excellent  quality,  and  is  found  of  particular  value  in  the 
blast  furnace.  With  a  mixture  of  45  per  cent,  of  Staffordshire  slack 
and  55  per  cent,  of  bituminous  Welsh  slack,  the  yield  reg^ularly 
obtained  in  the  first  block  of  ovens  at  Woodside,  which  is  only  42  feet 
diameter*,  has  amounted  to  from  55  to  60  per  cent,  of  coke.  With  a 
mixture  of  75  per  cent,  of  Staffordshire  slack  and  25  per  cent,  of 
pitch,  the  yield  has  been  from  50  to  53  per  cent,  of  coke.  The 
fluctuations  in  the  yield  arise  from  the  variations  in  the  quality 
of  slack  obtained  from  different  places,  some  requiring  more  bitumen 
to  bind  it  together.  Where  the  binding  is  not  perfect,  considerable 
waste  ensues  in  drawing  the  coke.  To  correct  this  has  been  the 
object  of  some  recent  experiments,  in  which  a  mixture  of  44  per  oent. 
of  Staffordshire  slaok  with  44  per  cent,  of  Welsh  slack  and  12  per 
cent,  of  pitch  has  been  used,  resulting  in  a  regular  yield  of  from  60  to 
65  per  cent,  of  coke.  Specimens  of  coke  are  exhibited  to  illustrate 
the  respective  binding  power  of  the  different  mixtures  described. 
The  best  yields  however,  as  may  be  supposed,  are  obtained  from  coals 
which  contain  a  sufficient  proportion  of  bitumen  to  secure  binding 
without  admixture  :  such  as  the  bituminous  or  caking  coala'  of 
Durham,  Newcastle,  and  South  Wales,  from  which  results  of  67)  to 
70  per  cent,  yield  of  coke  are  uniformly  obtained  in  these  ovens. 
These  results  have  been  obtained  from  coals  supplied  from  the 
Brithdir  Colliery  in  South  Wales,  Pease's  West  Colliery  in  Durham, 
and  the  Tursdale  Colliery  in  Durham. 
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In  the  first  block  of  the  Bev  oveDS  at  Woodside,  which  gf^ve 

tke  yiekda  of  ooke    above  stated  from  the  StaffordshiTe  slack,  the 

partition  iraUs  loetveen  the  oyena  were  built  9  inches  thick.     It  is 

«fideiit  luyweyer  that  the  thinner  the  partition  walls  the  more  perfect 

it  tibe  commtHiioatioii  of  heat  between  the  oyena ;    and  the  writer 

fcnad  in  the  erection  of  the  first  block  of  ovens  that  9  inches  make 

too  thick  a  wall.      The  consequence  of  this  mistake  was  that  the 

qnintity  of  ooke  prodaoed  was  not  so  great  as  expected,  since  it  was 

ab6<^tel7  Becessary  to  assist  the  progress  of  the  coking  by  a  large 

admisaon  of  air.      In   France,   where  Mr.    Eaton  made  his  first 

coperiments  and  where  the  new  ovens  have  been  in  operation  for 

Mvenl  years,  the  partition  walls  were  about  6^  inches  thick.    At  the 

Briton  Ferry  Iron  Works  in  South  Wales,  where  it  was  decided  to 

adopt  this  plan  of  ovens  from  the  success  of  those  at  Woodside  when 

they  had  been  at  work  only  a  few  weeks,  the  partition  walls  were 

built  only  half  a  brick  or  4^  inches  thick,  and  the  results  were  more 

aaliilaetoiiy  than    any    that  Mr.    Eaton  had  obtained  in   France. 

Tbis  was  to  be  attributed  solely  to  the  diminished  thickness  of  the 

partition  walla,  and  led  the  writer  to  test  the  point  practically  in  the 

first  blodk  of  ovens  erected  at  Tursdale.     In  order  to  make  a  fair 

eompariflon,  six  ovens  of  the  block  were  built  with  4j  inch  partition 

vtfls,  and  six  with  9  inch  walls.     The  result  was  that  in  the  same 

time  1%^  per  cent,  more  coal  could  be  coked  in  the  ovens  separated  by 

oaly  4)  inch  walls  than  in  those  with  9  inch  walls.     The  thickness 

of  4)  inches  is  as  little  as  can  be  safely  used  for  the  partition  walls, 

aad  it  was  at  first  feared  they  might  prove  a  little  weak,  being  8  J  feet 

loB^  with  an  average  height  of  4J  feet ;   but  bound  as  they  are  on  all 

edges  they  have  proved  to  be  thoroughly  substantial,  and    it  is 

iateiided  to  adopt  this  thickness  in  future.      It  has  already  been 

idopted  with  perfect  safety  in  the  two  instances  above  mentioned,  at 

Briton  Feny  and  at  Tursdale. 

The  economy  secured  in  the  new  plan  of  oven  arises  from  the 
drcimistance  that  the  heat  requisite  to  start  and  urge  the  oven 
ferward  is  supplied  chiefly  by  radiation  from  the  partition  walls ;  and 
IB  a  few  cases  only,  owing  to  peculiarity  of  coal,  is  it  at  all  necessary 
to  assist  the  progress  of  the  oven  by  the  admission  of  air.     The 
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principle  of  the  oven  aimed  at  is  the  entire  exclusion  of  air,  in  order 
to  prevent  entirely  the  waste  that  takes  place  by  partial  combttstion  of 
the  coke  in  the  ordinary  process;  and  this  object  is  attained  with 
certain  rich  gaseous  or  bituminous  coals.  But  when  dealing  wiHi 
intractable  material,  air  is  still  needed  :  from  2  to  3  square  inches  of 
air  space  given  beneath  the  door  are  amply  sufficient  to  meet  the  case 
of  the  mixture  of  45  per  cent,  of  Staffordshire  slack  and  55  per  cent, 
of  Welsh  bituminous  slack.  Whatever  air  is  given  to  any  oven,  it  is 
of  the  greatest  importance  to  introduce  it  at  the  commencement  of  the 
coking  process  and  not  at  the  end.  When  introduced  during  the  first 
period  of  the  operation,  its  effect  is  to  mix  with  and  bum  the  gases 
which  are  being  disengaged  in  great  abundance  from  the  coals,  doing 
the  coke  very  little  injury:  whilst  its  introduction  towards  the  end  of 
the  operation  is  productive  of  serious  mischief,  for  when  the  gases  are 
beginning  to  clear  off  the  air  is  free  to  attack  the  surface  of  the  coke, 
and  does  so.  To  this  fact  there  is  a  remarkable  and  curious  exception 
in  the  case  of  the  manufacture  of  coke  from  a  mixture  of  Staffordshire 
slack  and  pitch,  which  seems  to  be  accounted  for  by  the  formation  of  a 
silicious  film  or  crust  over  the  entire  surface  of  the  coke,  which  most 
effectually  shields  it  from  the  action  of  the  air.  In  all  cases  however, 
after  the  gases  have  ceased  to  be  evolved  in  quantity  sufficient  to  fill 
the  oven,  the  further  admission  of  air  is  prejudicii^l  to  the  finishing  off 
of  the  charge,  by  cooling  down  both  the  coke  and  the  oven  which 
contains  it.  At  this  period  of  the  operation  therefore,  as  is  found  the 
case  in  the  first  block  of  ovens  erected  at  Woodside,  it  is  necessary 
entirely  to  exclude  the  ingress  of  air,  in  order  to  prevent  the  rapid  loss 
of  heat  which  the  oven  otherwise  sustains.  When  the  air  is  thus 
excluded  the  oven  has  acquired  a  sufficient  heat  to  complete  the 
expulsion  of  all  the  gases  that  remain  to  be  evolved,  which  are  seen  to 
issue  burning  as  small  jets  of  flame  from  the  cracks  in  the  mass  of 
the  coke.  The  regulator  B,  Fig.  4,  Plate  22,  allows  the  admission 
of  air  beyond  the  oven  through  the  perforated  cast  iron  plate  which 
covers  it,  forming  a  perfect  smoke  consumer. 

The  area  of  the  flue  opening  from  the  regulator  into  the  chimney 
is  a  matter  of  considerable  importance,  and  admits  of  an  efficient 
adjustment  by  simply  inserting  pieces  of  firebrick  in  the  passage  of  the 
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flae.  This  is  a  particular  convenience  where  from  any  exceptional 
c&iue  the  admission  of  a  considerable  quantity  of  air  is  needed,  as 
alietdy  referred  to  in  the  case  of  the  first  block  of  ovens  erected  at 
Woodside.  Here  the  simple  reduction  of  the  area  of  the  flue  from 
49  to  30  square  inches  at  its  passage  out  of  the  regulator  occasioned 
an  increased  yield  of  5  to  6  per  cent,  of  coke.  For  with  the  flue  full 
open,  the  draught  of  the  chinmey  drew  in  more  air  than  was  required 
when  the  greater  part  of  the  gas  had  been  driven  off,  and  a  surface 
combustion  of  the  coke  ensued  with  an  intense  heat,  while  the  yield 
vas  sacrificed.  It  was  fpxmd  impossible  to  adjust  the  supply  of  air 
so  nicely  as  to  prevent  waste  while  the  coking  proceeded,  except  by 
means  of  reducing  the  area  of  the  flue,  which  proved  quite  efficient. 
Since  in  all  classes  of  ovens  perfectly  air-tight  work  can  scarcely  be 
secared,  the  r^olation  of  the  area  of  the  flue  is  a  matter  of  importance 
eroi  where  the  air  is  purposely  excluded  during  the  coking,  in  order  to 
prevent  its  being  drawn  into  the  oven  through  the  innumerable  small 
interstioes  in  the  brickwork.  The  prevention  of  the  undue  admission 
of  air  by  this  simple  expedient  was  attended  with  a  diminution  of  the 
quantity  of  coal  which  could  be  coked  in  the  same  time  ;  but  this  was 
counterbalanced  by  the  increased  yield  of  coke  from  the  smaller 
quantity  of  coal  charged.  It  may  be  that  the  checking  of  the  draught 
luM  a  beneficial  influence  by  causing  the  gases  to  lie  back  a  little 
kttger  in  the  oven  and  there  expend  a  little  more  of  their  heat  by 
bemg  more  completely  consumed.  On  the  other  hand  it  is  possible 
to  reduce  the  flue  area  too  much :  for  when  it  was  attempted  to 
woik  with  the  flue  reduced  at  the  passage  &om  the  regulator  from 
49  to  about  28  square  inches  area,  the  effect  ceased  to  be  of  any  benefit, 
tad  on  the  contrary  was  slightly  injurious  in  retarding  the  rapidity  of 
eoking  and  perceptibly  lowering  the  temperature  of  the  oven. 

When  the  coking  is  completed,  the  communication  between  the 
oven  and  the  chimney  is  cut  off  by  a  damper,  consisting  of  a  plain 
vroogfat  iron  plate,  which  prevents  air  from  being  drawn  in  through 
the  brickwork  whilst  the  coke  is  lying  as  it  should  do  from  two  to  four 
hfinn  alter  disengagement  of  gas  has  to  all  appearance  ceased.  The 
iact  is  however  that  a  slight  disengagement  is  still  though  imper- 
cqitibly  going  on,  which  is  made  manifest  by  opening  the  door  of  the 
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oyen,  when  immediately  the  gas  is  seen  burning  at  the  surface  of  the 
coke.  It  thns  gives  an  improved  appearance  to  the  coke  to  let  it  lie 
a  little,  by  getting  rid  of  a  tinge  of  dark  colour  which  exists  at  the 
bottom  of  the  coke  if  drawn  too  soon  after  being  done. 

As  regards  the  general  size  of  the  new  ovens,  it  is  thought  at 
present  that  44  feet  external  diameter  will  prove  the  most  convenient, 
as  shown  in  Figs.  1  and  2,  Plate  20  ;  though  at  the  Tursdale  Colliery 

■ 

the  first  and  second  blocks  are  constructed  48  feet  diameter.  The 
objection  to  the  large  size  is  the  necessity  of  providing  for  a  greatly 
increased  expansion  of  the  structure. 

As  regards  the  quantity  of  coke  which  can  be  produced  from  a 
block  of  ovens,  the  second  block  at  Woodside,  44  feet  diameter,  has 
turned  out  about  60  tons  of  coke  per  week  during  the  two  months  that 
it  has  been  in  work.  The  first  block  at  Woodside,  42  feet  diameter, 
has  scarcely  tnmed  ont  55  tons  per  week,  for  the  reason  already  given 
of  too  great  thickness  of  the  partition  walls  :  whilst  the  first  block  at 
Tursdale,  48  feet  diameter,  where  half  the  walls  are  4|  inches  thick 
and  half  9  inches,  is  capable  of  turning  out  80  tons  per  week.  The 
block  of  ovens  at  Briton  Ferry,  44  feet  diameter  with  4  J  inch  partition 
walls,  is  turning  out  from  65  to  70  tons  of  coke  per  week ;  and  so 
satisfied  are  the  proprietors  that  a  second  block  has  been  erected. 

As  regards  the  time  occupied  in  coking,  an  ordinary  oven  of 
11  feet  inside  diameter  with  95  square  feet  of  fioor  area  will  bum 
ofif  a  charge  of  5}  to  6  tons  of  Newcastle  or  Durham  coals  in  72  hours. 
One  of  the  new  ovens  with  97  square  feet  of  floor  area,  in  the  first 
block  at  Tursdale  48  feet  diameter,  with  9  inch  partition  walls,  bums 
off  4  J  tons  in  72  hours  with  only  a  trifling  difference  in  the  gross 
amount  of  coke  produced.  But  no  account  is  here  taken  of  the 
irregularities  to  which  ordinary  ovens  are  subject,  and  of  which  some 
idea  may  be  formed  from  an  incident  that  took  place  with  the  fir^t 
block  of  the  new  ovens  at  Tursdale.  Bed  bricks  having  succeeded 
perfectly  in  the  chimney  at  Woodside  were  employed  without 
hesitation  in  that  at  Tursdale ;  but  owing  to  the  increased  size  of  the 
block  of  ovens,  48  feet  diameter  instead  of  42  feet,  and  the  more 
intense  character   of  the  combustion   of   the  bituminous    coals    as 
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compared  with  the   mixture  of  Staffordshire  and  Welsh  slack,   the 

boat  was  too  great  and  caused  the  red  brickwork  to  melt,  and  ended 

by  dosing  up  every  fltie.     The  chimney  was  then  lined  with  firebricks : 

bot  daring  ihe   time  occupied  in  lining  it,  the  ovens ,  which  were 

thea  working  in  effect  as  ordinary  open-topped  ovens,  worked  most 

iiregaWly,  neyer  came  np  to  their  proper  time,  and  in  one  instance 

a  three  days^  charge  occupied  six  days  to  bum  off.     It  is  not  meant 

Uist  ordinary  ovens  would  be  frequently  subject  to  such  an  extreme 

irregnlarify  as  thfkt  just  mentioned  :  for  in  the  absence  of  the  central 

diiomey  an  oven    of  the  new   form    is   ill    calculated   to  create   a 

snfficient  draught ;  whereas  in  an  ordinary  dome  oven  with  chimney 

at  top  everything  is  pretty  favourable  for  the  admission  of  the  requsite 

air.    Irregularities  of  one  or  even  two  days  in  ordinary  ovens  are 

however  of  not  unfrequent  occurrence ;  and  coupled  with  the  accident 

which  led  to  the  necessity  of  working  the  new  ovens  at  Tursdale 

Colliery  without  the  assistance  of  the  central  chimney,  they  show  of 

how  great  importance  the  chimney  is  to  secure  good  and  reliable 

results. 

The  cost  of  erection  of  a  block  of  ovens  on  the  new  construction 
has  been  as  follows  at  the  Woodside  Iron  Works,  the  block  being 
44  feet  diameter : — 

85,000  Firebricks  and  clay 
27,000  Red  bricks  and  mortftr 
Cast  and  wrought  ironwork    . 

Tools 

Labour  in  excavation,  bricklaying,  and  ^ 
concrete^  &c i 

* 

This  gives  £26  5«.  as  the  cost  per  oven,  complete  with  water  fittings, 
coke  benches  and  tools,  but  exclusive  of  any  attendant  conveniences 
for  keeping  the  coke  in  stock.  The  cost  is  of  course  subject  to  the 
addition  of  carriage  of  materials  for  erection  at  any  other  site,  and 
minor  modifications  for  the  variation  of  circumstances.  Where  a 
mixtore  of  coal  is  not  wanted,  the  ovens  can  be  made  with  a  circular 
nOway  so  as  to  be  filled  from  the  top,  as  at  Tursdale,  the  additional 
i>xpeiise  of  which  is  about  £6  per  oven. 
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The  cost  of  working  the  new  ovens  where  a  uniform  quality  of 
coal  is  used  is  slightly  in  excess  of  the  working  of  ordinary  ovens  in 
one  particular  only,  that  of  loading  up  the  coke  from  the  benches  into 
the  wagons.  In  a  straight  row  of  ovens  nothing  is  simpler  than  to 
run  a  train  of  wagons  alongside  the  benches,  off  which  the  coke  is 
conveniently  filled  at  one  lift.  Against  this  there  is  the  advantage 
that  the  labour  of  cleansing  and  charging  the  coal  in  the  case  of  the 
new  ovens  is  divided  over  a  larger  quantity  of  coke  produced  from  the 
same  quantity  of  coal ;  so  that  really  the  difference  if  any  is  but  slight. 
The  working  cost  per  ton  of  coke  made  has  been  as  follows,  in  the 
ovens  already  at  work  at  l^irsdale,  48  feet  diameter  : — 

2  men  drawing  ovens,  levelliDg  coals,] 

manufacturing,  and  keeping  cokef 

^      ,        ,  ^  „         ,  ^       >     6«.  per  ton. 

benches  clean,  at  3s.  each  per  day,  i 

(coke  made  per  day  12  tons)  .        .  j 
2  boys  cleansing  cofds   and  charging  ^ 

with  tubs,  at  2s. Sd.  each  per  day  to  >     If 

feed  3  blocks  of  ovens  .        .  * 

Wheeling  and  loading  coke  into  wagons        2f 
Interest  on  outlay,  say  £450  to  cover) 

incidentals,  at  5  per  cent.  .  3 

Bedemption  in  say  7  years  3^ 

Wear  and  tear  say         ....  f 

Royalty 3 

Total  cost  of  coke  exclusive  of  coals    .     Is,  7d,  per  ton. 

In  Staffordshire,  with  the  mixture  of  slack  and  the  charging  done 
at  the  mouth  of  the  oven  instead  of  from  the  top,  as  might  be  expected 
the  labour  is  somewhat  greater,  while  the  outlay  is  about  £75  less  per 
block.     The  cost  per  ton  of  coke  made  in  this  case  is  as  follows  : — 
4  men  drawing  and  charging  ovens,  % 

mixing  slack,  &c.,  at  3^.  id.  each  i    Is.  6d.  per  ton. 
per  day,(coke  made  per  day  9  tons)  ^ 
Interest  on  outlay,  say  £375,  at  5  per  i 

cent.    .  ^ I  ^^ 

Bedemption  in  say  7  years     .  4 

Wear  and  tear  say     ....  f 

Royalty 3 

Total  cost  of  coke  exclusive  of  slack  &c.    2«.  Sd.  per  ton. 
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To  t]ie  aboTe  partaculazs  of  cost  It  is  jEtimplj  necessary  to  add  that 

of  matdrial  to  aniTe  at  the  total  coat  of  the  coke  manufactiired. 

Tskb^  the  Yaliie  of  «  North  coontrj  bitmaiuoas  slack  at  Sa.  6d.  per 

ton,  and  a  yield  of  68  per  cent,  .of  coke,  the  cost  of  coals  would  be 

Si.  2d.  per  ton  of  ooke  produced.     Adding  this  tp  lis.  Id,  the  cost  of 

wor^g,  the  total  coat  of  the  coke  into  wagons  irould  be  6a.  dd. 

per  toa.     It  is  of  course  impossible  to  fix  on  any  uniform  price 

at  vhkh  to  charge  the  slack  :   some  collieries  produce  '''jduff/'  as  the 

small  of  the  coal  is  called,  in  such  abundance  as  to  make  them  jplad 

tohsTe  a  means  of  getting  rid  of  it ;    others  set  a  higher  yalue  upon 

kw    Hence  it  is  for  each  m  his  particular  rcircumstances  to  determine 

hev  iar  the  adoption  of  the  n^w  -system  is  economical. 

It  is  easier  to  arrive  at  the  real  coat  of  the  coke  manufactured  in 

Ike  Staffordshire  district,  where  slack  suitable  for  the  purpose  can 

he  hoqght  in  any  quantity  at  2$.  6id,  per  ton.     Aissoming  this  ^price, 

the  mixture  of  45  per  cent,  of  Staffordshire  slack  at  2s.  6d.  per  ton 

with  55  per  cent,  of  Welsh  slack  at  1^«.  per  ton  will  cost  7s.  9d.  per 

ton :  and  a  yield  of  57  ^  perxsent.  makes  the  cost  of  the  coke  13s.  6d. 

per  ton.     Adding  this  to  2s.  3d.  the  cost  of  working,  the  total  cost 

of  the  eoke  amounts  to  15s.  9d.  per  ton. 

The  mixture  of  44  per  cent,  of  Staffordshire  slack  at  2s.  ^d.  per 
tan  vith  44  per  cent,  of  Welsh  slack  at  12s.  per  ton  and  12  per  cent« 
«f  pitch  at  20s.  per  ton  costs  ds.  9^.  per  ton ;  which  with  a  yield  of 
e2^  per  cent,  makes  the  coke  cost  I4s.  per  ton.  Adding  this  to 
2s.  Sd.  the  cost  of  working,  the  total  cost  of  the  coke  firom  this 
amounts  to  16s.  Zd.  per  ton. 
The  mixtoxe  of  72|  per  cent  of  Staffordshire  slack  at  2s.  6d.  per 
with  27)  per  cent,  of  pitch  at  20s.  per  ton  costs  7s.  id.  per  ton ; 
bat  tlie  yield  in  this  case  is  only  about  52 1  per  cent,  of  coke,  owing 
to  the  very  volatile  character  of  the  pitch,  and  the  coke  therefore 
eeata  lAs.  per  ton.  Adding  this  to  2s.  3d.  the  cost  of  workings  the 
tatel  eoKt  of  the  eoke  made  from  Staffordshire  slack  with  pitch  alone 
Mwmat^  to  16s.  di2.  per  ton. 

As  regards  the  wear  and  tear  on  the  brickwork  of  the  new  ovens, 
there  seems  every  likelihood  that  this  is  very  small  and  unimportant. 
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A  small  allowance  has  however  been  made  in  each  of  the  above 
estimates  of  the  working  cost.  The  first  block  of  ovens  erected  at 
Woodside  has  been  in  operation  since  Jane  last  year,  a  period  of 
nearly  a  year,  and  does  not  show  the  slightest  indication  of  requiring 
repairs  to  the  brickwork.  A  little  repair  has  been  needed  at  the  door 
frame  castings,  owing  to  the  irregular  expansion  of  the  casting  by 
heat  and  its  weak  form ;  but  the  liability  to  fracture  in  the  faulty  plan 
first  adopted  has  been  in  a  great  measure  corrected  by  an  amended 
form  of  frame. 

Among  the  advantages  which  attach  to  the  new  form  of  oven  is  its 
compactness,  which  is  of  importance  and  is  a  reason  why  the  oven 
should  be  much  cheaper  in  its  construction  than  ordinary  round  ovens. 
Taking  the  case  of  a  double  row  of  ordinary  ovens  placed  back  to  back, 
11  feet  internal  diameter,  the  floor  area  of  which  would  be  95  square 
feet,  with  a  flue  between  them  common  to  both  leading  to  a  chimney, 
such  a  series  of  6  ovens  in  length  or  1 2  ovens  in  the  double  row  would 
cover  a  space  of  ground  84  X  28  =  2352  square  feet ;  whereas  the 
space  covered  by  the  largest  block  of  the  new  ovens  yet  erected,  48  feet 
external  diameter,  is  only  1810  square  feet,  while  the  floor  area  of 
each  oven  is  100  square  feet,  the  partition  walls  in  this  case  being 
5  J  inches  thick.  Including  the  coke  benches  9  feet  wide  in  the  case 
of  the  double  row  of  ordinary  ovens,  the  ground  occupied  would 
be  84  X  46  =  3864  square  feet :  whilst  in  the  case  of  the  48  feet 
block  of  the  new  ovens  a  greater  area  of  ground  is  covered,  taking  a 
square  larger  by  18  feet  than  the  diameter  of  the  oven,  giving 
66  X  66  =  4356  square  feet ;  with  the  advantage  however  of  larger 
stacking  room  for  the  coke,  for  whilst  the  bench  room  in  the  first 
case  cited  of  12  ovens  in  a  double  row  is  84  x  18  =  1512  square 
feet,   that  of  the  48  feet  block  is  2546  square  feet. 

In  connexion  with  the  subject  of  rapid  coking,  a  few  interesting 
laboratory  experiments  have  been  made  at  the  writer's  works.  The 
material  operated  upon  was  the  coal  from  the  Tursdale  Colliery,  the 
composition  of  which  was  as  follows  : — 
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Carbon 81*46 

Hydrogen .  7'89 

Nitrogen 2-91 

Sulphur 1-34 

Aflh 3.26 

Dffferenoe  (oxygen)   .  8*14 

100-00 

lie  jieid  of  coke  which  anj  coal  is  capahle  of  prodacing  depends  in  a 
oertain  measnre  upon  its  constituents.  In  general  the  gaseous  products 
eunot  be  expelled  without  carrying  oflf  with  them  a  certain  proportion 
of  carbon.  Could  all  the  hydrogen,  nitrogen,  sulphur,  and  oxygen  be 
€zpelkd  without  carhon,  the  coal  of  which  the  above  is  an  analysis 
ahould  yield  nearly  85  per  cent,  of  coke :  but  the  highest  result 
crfitazned  in  the  laboratory  was  only  69|  per  cent.  The  yield  of  coke 
howerer  is  dependent  also  to  a  certain  extent  upon  the  rapidity  with 
which  the  coal  is  raised  to  the  coking  temperature,  as  the  following  five 
experiments  will  show. 

In  the  first  experiment  two  crucibles  carefully  covered,  containing 
Tuadale  coal,  were  introduced  into  a  close  muffle,  so  that  access  of 
nr  to  the  contents  of  the  crucible  was  rendered  impossible.  The 
BBffle  was  at  a  very  bright  red  heat,  and  the  crucible  having  been  put 
iito  it  the  month  of  the  muffle  was  temporarily  stopped.  In  one  hour 
sfterwards  the  crucible  was  removed,  and  the  percentage  of  coke  in 
one  crucible  was  6218  and  in  the  other  61*28. 

In  the  second  experiment  a  crucible  was  introduced  into  the  muffle 
vhea  cold,  and  the  temperature  gradually  raised  during  one  hour  to 
dieny  red,  and  then  maintained  for  half  an  hour  at  a  bright  red  beat. 
The  yield  in  this  case  was  66*12  per  cent,  of  coke. 

In  the  third  experiment  two  crucibles  were  introduced  into  the 
muffle  when  at  a  bright  red  heat,  but  not  so  hot  as  in  the  first 
ezpsriment,  and  the  temperature  was  maintained  for  an  hour.  One 
eradUe  gave  64*77  per  cent,  of  coke  and  the  other  64*20  per  cent. 

Li  the  fourth  experiment  a  crucible  as  in  the  second  experiment 
was  introduced  into  the  cold  muffle,  and  the  temperature  raised  in  an 
boor  and  a  half  to  cherry  red,  instead  of  occupying  only  one  hour  as 
IB  the  former  case.     The  resulting  yield  was  67*50  per  cent,  of  coke. 
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In  the  fifth  experiment  a  crucible  introdnced  into  the  muffle  at  a 
dull  cherry  red  heat  and  kept  at  that  temperature  for  one  honr  yielded 
69*40  per  cent,  of  coke.  A  second  crucible  raised  in  one  hour  to  a 
dull  cherry  red  heat  and  kept  at  that  heat  for  one  hour  also  yielded 
69*40  per  cent,  of  coke. 

It  appears  from  these  experiments  that  the  more  rapidly  the  coal 
is  coked  or  the  higher  the  temperature  of  the  oven  into  which  it  is 
introduced,  the  less  the  yield ;  and  tibis  is  no  doubt  due  to  the  greater 
readiness  with  which  compounds  of  carbon  and  hydrogen  containing  an 
increasing  proportion  of  carbon  are  formed,  the  more  sudden  or  the 
greater  the  intensity  the  heat.      On  the  other  hand  it  was  noticed 
in  the  above  experiments  that  the  coke  more  slowly  made  was  more 
bulky,  that  is  less  dense,  than  that  made  more  rapidly.    This  result 
fully  accords  with  that  obtained  in  some  flued  orens  in  the  north,  the 
invention  of  Messrs.  Breckon  and  Dixon ;  the  coke  produced  by  the 
flued  orens  being  much  denser  in  character  than  that  made  in  ordinary 
ovens.     How  far  yield  is  interfered  with  by  the  use  of  flues  is  a 
question  which  admits  of  farther  enquiry ;  and  at  some  future  time  the 
writer  may  be  in  a  position  to  make  a  comparison  between  Tursdale 
coke  produced  in  flued  and  non>flued  ovens  in  order  to  determine  this 
point.     Taking  an  average  however  of  several  specimens  of  coke 
produced  in  ordinary  ovens  from  North  country  coal,  the  specific 
gravity  is  only  1*00,  whilst  the  specific  gravity  of  Tursdale  coke  made 
in  the  new  ovens  is  1*47.     However  much  therefore  this  high  specific 
gravity  of  the  coke  may  be  due  to  some  favourable  pcfculiarity  of  the 
coal,  it  is  evident  that  in  the  new  mode  of  coking  both  yield  and 
density  are  secured.     There  is  a  further  objection  to  coking  from  the 
bottom  of  an  oven  upwards,  as  in  ovens  having  flues  underneath  the 
floor,  from  the  fact  that  the  two  processes  meet  in  an  irregular  plane 
about  one  third  of  the  way  up  from  the  floor  of  the  oven,  and  there 
result  two  measures,  so  to  speak,  of  coke.     This  is  perhaps  a  trivial 
objection,  inasmuch  as  it  interferes  only  with  the  commercial  appearance 
of  the  coke  and  is  no  real  detriment  to  its  quality ;  still  it  is  one  which 
is  obviated  in  the  new  ovens. 
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The  Chaibmav  exhibited  specimens  of  the  coke  made  in  the  ovens, 
illastnting  the  respectiye  binding  properties  of  the  different  mixtures 
of  tMk  employed.  He  observed  that  the  main  object  of  the  plan  of 
wkmg  now  described  was  to  effect  economy  of  material  in  ironworks 
bj  making  nse  of  the  great  quantity  of  fine  slack  that  was  at  present 
tinown  am^  as  waste;  which  was  of  particular  importance  in  the 
Booth  Staffordshire  district,  where  they  were  gradually  getting  short 
d  mal4srial  by  the  rapid  consumption  of  the  Thick  coal  within  the 
hmitB  at  present  worked.  Attempts  had  previously  been  made  to  coke 
tJbe  fine  slack  by  itself,  but  had  quite  failed ;  and  he  had  then  tried  it 
mixed  with  Welsh  bituminous  slack,  to  impart  the  requisite  binding 
property,  and  with  pitch»  By  this  means  the  refuse  ordinarily  thrown 
■way  was  oonvprted  into  a  coke  even  superior  to  the  best  coke  made 
firam  the  large  Thick  ooal,  the  proportion  of  pitch  mixed  with  the 
ilsck  being  about  27}  per  cent,  of  pitch  to  72}  of  slack.  The  coke 
^drtainsd  had  all  the  exoellent  qualities  of  the  Thick  coal  coke,  and  the 
eame  freedom  from  injurious  ingredients,  since  the  pitch  imparted  no 
BoxioQs  elements.  In  bringing  the  subject  forward  for  discussion  his 
oi^eet  was  to  show  the  practicability  of  the  plan  by  the  results  already 
obtsmed  ;  and  also  to  ascertaia  how  far  the  same  process  was  capable 
of  being  extended  to  other  non-caking  coals,  and  whether  the  new 
lonn  of  ovens  was  suitable  for  other  districts,  as  had  already  been 
faaad  to  be  the  case  in  the  trial  of  the  ovens  at  Tnrsdale  with  North 
country  coals  and  at  Briton  Ferry  with  South  Wales  small  coals. 
He  was  indebted  to  his  son  for  carrying  out  the  several  experimeyata 
that  had  been  made  with  different  mixtures  of  slack. 

Mr.  W.  Hadbn  quite  agreed  with  the  importance  of  the  aubjeot ; 
for  if  they  were  enabled  to  make  a  really  good  and  regular  coke  from 
the  waste  slack  of  South  Staffordshire  it  would  be  a  great  gain  to 
the  district.  He  enquired  what  was  the  effect  of  using  a  smaller 
ptopcrtion  of  pitch  with  the  slack. 

The  Chaibmah  said  with  a  smaller  proportion  of  pitch  the  mixture 
eas  not  sufficiently  binding,  so  that  the  coke  produced  would  not  hold 
together,  but  came  out  of  the  oven  all  in  small  pieces. 

Bfr.  N.  N.  SoLtT  enquired  whether  any  trial  had  been  made 
of  Hew  ICne  slack  for  eoldng  ;  and  whether  the  Thick  coal  slack  had 
been  tried  by  itself  since  the  new  ovens  were  got  to  work. 
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The  Chaibman  had  not  yet  tried  New  Mine  slack,  and  the  Thick 
coal  slack  would  not  hind  at  all  by  itself. 

Mr.  N.  N.  Solly  asked  whether  the  fines  from  the  ovens  to 
the  chimney  had  ever  got  choked  up  with  any  accumulation  of  dust,  in 
consequence  of  using  entirely  the  fine  slack  for  coking. 

The  GHAinifAN  said  there  was  not  the  least  accumulation  in  the 
-flues,  the  draught  on  the  ovens  being  so  strong  as  to  cany  off  any 
fine  particles  of  slack. 

Mr.  Samubl  Lloyd  suggested  that  a  saving  might  be  made  by 
placing  a  vertical  boiler  in  the  centre  of  the  block  of  ovens,  where  the 
chimney  at  present  stood,  so  as  to  economise  the  heat  passing  off  lErom 
the.  ovens.  He  thought  the  heat  would  be  found  considerable  from  so 
many  ovens,  as  four  moderate  sized  coke  ovens  at  .their  works  at 
Wednesbury  gave  heat  enough  to  raise  the  steam  of  a  boiler  28  feet 
long  and  8  feet  diameter.  The  chimney  might  be  placed  in  any 
convenient  position  near,  with  an  underground  flue  to  it  from  the 
ovens. 

The  Ghaibmah  replied  that  in  this  instance  the  boilers  were  too 
far  off  from  the  ovens  to  make  that  practicable ;  and  it  would  be  a 
question  whether  it  was  really  advisable  to  encumber  the  ovens  with 
a  boiler,  as  there  did  not  appear  to  be  gas  enough  escaping  from  the 
chimney  to  be  worth  the  trouble  of  saving. 

Mr.  E.  A.  Gowpsa  asked  what  sort  of  coke  was  made  in  the  ovens 
referred  to  at  Wednesbury,  whether  as  large  and  dense  as  that  shown 
from  the  new  ovens ;  .  for  if  there  were  gas  constantly  burmng  out  of 
the  chimney  there  must  be  a  waste  of  material  in  the  oven  and  a 
smaller  yield  of  coke. 

Mr.  S.  Lloyd  replied  that  the  coke  made  at  those  ovens  was  only 
a  light  soft  coke. 

The  Ghairhak  remarked  that  the  new  ovens  had  an  important 
advantage  in  the  greatly  increased  density  of  the  coke  produced,  which 
had  a  great  deal  to  do  with  its  quality  as  fuel  and  its  value  in  the 
blast  furnace :  with  the  mixture  of  fine  slack  and  pitch,  the  specific 
gravity  of  the  coke  produced  was  as  much  as  1*25  or  1*30  ;  and  the 
Tursdale  coke  made  in  the  new  ovens  had  a  specific  gravity  of  1*47, 
while  that  of  the  best  North  country  coke  scarcely  reached  1-00  in 
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tho  regular  make.  This  showed  clearly  the  importance  of  prerenting 
the  w«8ie  of  so  much  yalaable  material  oat  of  the  coke,  which  at 
present  took  place  with  ordinary  ovens.  The  specific  gravity  was 
ascertained  by  weighing  the  coke  solid  in  air  and  iu  water. 

Mr.  J.  £.  Sw  IK  DELL  asked  what  was  the  value  in  the  blast 
hnaoe  of  the  coke  made  by  the  new  method,  as  compared  with  the 
b^t  North  of  England  coke. 

The  Chairman  replied  that  there  was  no  question  as  to  the 
superiority  of  the  Staffordshire  slack;  it  made  a  better  and  purer 
coke  than  the  North  country  coals,  whether  coked  with  pitch  alone  or 
with  a  mixture  of  Welsh  slack  and  pitch.  With  Durham  coke  they 
w«re  not  able  to  make  a  good  open-faced  grey  forge  pig,  but  with  this 
eoke  good  grey  pig  was  regularly  made.  It  also  gave  a  better  yield 
in  the  furnace  than  either  the  Durham  coke  or  that  made  from  the 
Thick  coal. 

Mr.  S.  Lloyd  supposed  the  coke  would  be  more  free  from  sulphur 
than  the  North  country  cokes. 

The  Chairman  said  that  was  the  case,  the  slack  being  like  the 
Hock  coal  itself  for  purity  of  quality. 

Mr.  £.  A.  GowPBR  asked  whether  any  means  were  taken  to  rid 
the  slack  of  iron  pyrites  by  having  it  picked  before  being  put  into  the 
ovens. 

The  Chairman  replied  that  the  slack  was  not  picked  or  cleaned  in 
any  way  before  coking,  but  was  put  in  the  ovens  just  as  it  was  thrown 
over  the  bank ;  the  fine  slack  that  he  was  using  was  the  refuse  left 
after  the  coarse  slack  had  been  screened  for  making  what  was  called 
breeze  to  be  used  under  boilers  and  for  other  purposes.  In  this  way 
60  tons  of  good  coke  per  week  were  now  being  produced  from  refuse 
coal  slack  previously  of  no  value  whatever. 

Mr.  W.  Haden  had  no  doubt  many  colliery  owners  would  be 
glad  to  supply  any  quantity  of  the  refuse  slack  for  coking,  merely  for 
the  sake  of  getting  rid  of  it  out  of  the  way. 

Mr.  J.  Murphy  enquired  whether  the  mixture  of  Welsh  slack  or 
fikh  alone  produced  the  cheapest  coke. 

Mr.  C.  CooHRAMB  replied  that  the  coke  made  with  pitch  alone  was 
decidedly  the  cheapest  at  their  works  at  Dudley,  about  Is.  per  ton 
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cheaper  than  with  Welsh  slack,  on  account  of  tbe  ptice  of  the  Welsh 
slack  and  the  codt  of  conveyance  from  sach  a  distanfis.  The  <»08t  of 
the  two  modes  of  coking  in  any  locality  dep^ided  of  course  on  the 
relative  cost  of  the  materials  for  mixing  ;  and  the  estimated  cost  given 
in  the  paper  was  of  a  general  character,  based  upon  the  full  market 
value  of  the  pitch  and  Staffordshire  slaxk,  which  however  had  been 
obtained  at  a  lower  rate  in  this  particular  instance  at  their  works 
at  Dudley. 

Mr.  J.  Murphy  enquired  which  coke  was  best  for  ironmaking*. 

Mr.  G.  CooHBAKB  replied  that  the  mixture  with  pitch  alone  gave 
the  coke  that  made  the  best  iron  ;  with  this  coke  grey  forge  pig  iron 
could  be  produced  with  great  facility,  as  the  sulphur  contained  in  tbe 
coke  was  not  more  than  0*8  per  cent.,  whilst  that  quality  of  iron  could 
not  be  made  with  Durham  cokes  at  all. 

Mr.  J.  Paddon  observed  that  the  economy  and  advantage  of  anj 
mode  of  coking  would  vary  much  in  different  localities,  according*  to 
the  quality  and  cost  of  materials  in  the  district.  In  Staffordshire  it 
was  a  great  object  to  economise  the  waste  slack  now  thrown  away  as 
useless ;  and  the  plan  of  coking  just  described  converted  into  a  v&loable 
fuel  what  was  otherwise  worthless.  In  some  parts*  of  South  Wales 
also  there  was  material  which  had  never  before  been  converted  into 
coke,  such  as  the  Aberdare  slack  and  other  small  coals,  and  this  was 
now  coked  in  the  new  ovens  by  mixing  with  it  a  portion  of  bituminous 
slack.  In  other  parts  of  South  Wales  however  the  case  was  not  tbe 
same,  the  cost  of  slack  being  not  more  than  2s,  or  3^,  per  ton  less 
than  that  of  the  whole  coal :  where  the  alack  was  bituminous  it  made 
good  coke  by  itself  without  any  mixture,  and  anthracite  slack  was 
mixed  with  half  as  much  of  the  bituminous  e\9xk,  producing  oue  of 
the  best  blast-furnace  cokes  in  South  Wales,  which  cost  only  d^.  Gd, 
or  9«.  per  ton. 

The  value  of  the  new  ovens  he  thought  had  been  rather  understated 
in  the  paper  than  the  contrary,  the  coke  having  been  weighed  dry 
immediately  on  being  drawn ;  but  if  stacked  and  left  exposed  to  the 
atmosphere  for  some  time,  as  was  usually  the  case,  it  absorbed  a 
considerable  proportion  of  moisture  which  increased  the  .apparent 
weight;    and  in   estimating  the  commercial  value  of  the   coke   as 
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Gomptred  with  that    made  in  the  ordiiiary  ovens,  both  should  be 

weighed  under  the  same  conditions.     Even  without  this  precaution 

bowerer  the  new  ovenfi  appeared  decidedly  superior  in  yield ;  he  was 

ntisfied  ^ey  would  yield  in  regular  work  as  much  as  70  to  75  per 

cent,  of  the  coal  used,  and  knew  of  one  instance  in  which  the  yield 

reached  7B  per  cent. ,  when  the  coke  would  have  weighed  stUl  more  if 

it  had  been  left  stacked  after  drawing.     As  regarded  the  duty  of  the 

ooke  in  the  hlast  fomace,  he  had  seen  the  new  oyens  working  at  the 

Biitoa  Ferry  Irou  Works,  and  was  informed  by  the  furnace  manager 

that  die  coke  from  the  new  ovens  did  fully  7  per  cent,  more  duty  and 

was  a  finer  coke  than  any  made  from  the  same  coal  in  ordinary  ovens. 

The  new  ovens  had  therefore  a  superiority  not  only  in  the  greater 

jidd  and  density  of  the  coke  produced,  but  also  in  giving  the  saeans 

of  making  a  commercially  valuable  coke  from  a  material  never  before 

SQoeessfhlfy  employed  for  any  useful  purpose ;  and  he  was  sure  the 

economical  using  up  of  the  vast  quantities  of  waste  slack  at  present 

thrown  away  was  a  most  important  problem  for  the  future  prosperity 

of  the  South  Staffordshire  district. 

Mr.  J.  Ahdkbson  moved  a  vote  of  thanks  to  the  Chairman  for  his 
Toy  interesting  and  valuable  paper,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  Walter  May  of 
Birmingham,  was  then  read : — 
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ON  A  BOILER,  ENGINE,  AND  SURFACE  CONDENSER, 

FOR  VERY   HIGH   PRESSURE   STEAM 

WITH   GREAT  EXPANSION. 


Bt  ALEXAKDBB  W.  WILLIAMSON,  Ph.  D.,  asd  Mb.  LOFTUS  PBBKINS» 

OF  Loi!n>o2r. 


The  Boiler,  Engine,  and  Surface  Condenser,  forming  the  subject 
of  the  present  paper,  have  been  designed,  constmcted,  and  worked  by 
the  authors  with  a  view  to  promoting  the  adoption  of  very  bigb 
pressure  steam  with  great  expansion :  the  engine  is  of  60  horse  power 
and  works  at  a  pressure  of  500  lbs.  per  square  inch,  as  it  was 
thought  desirable  to  adopt  at  once  appliances  suited  for  considerably 
higher  pressures  than  those  proposed  for  general  use.  Althongb 
howerer  it  has  been  endeavoured  to  make  a  boiler  which  would  be 
safe  at  any  attainable  steam  pressure,  it  is  not  considered  necessary 
by  the  authors  for  the  present  requirements  of  steam  engines  to  use 
pressures  above  140  to  160  lbs.  per  square  inch :  and  the  practical 
object  of  the  present  paper  is  to  give  substantial  grounds  for 
confidence  in  working  at  such  moderate  pressures ;  and  to  show  bow, 
with  steam  at  these  moderate  pressures,  engines  free  from  the  most 
serious  drawbacks  of  ordinary  expansive  engines  can  be  made  to 
work  with  a  consumption  of  1  to  IJ  lbs.  of  coal  per  horse  power  per 
hour.  As  the  use  of  impure  fresh  water  or  of  salt  water  is  attended 
with  a  variety  of  inconveniences  and  disadvantages,  which  are  more 
serious  the  higher  the  pressure  that  the  boiler  is  worked  at,  it  appears 
indispensable  to  use  a  surface  condenser  for  an  engine  working  at  bi^b 
pressure ;  so  as  to  condense  in  a  pure  state  all  the  steam  that  ^oes 
out  of  the  boiler,  and  supply  nothing  but  distilled  water  by  the  feed 
pump:  and  several  important  incidental  advantages  are  gained  by 
this  plan. 
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T!ie  Bcnier,  shown  in  Figs.  1  and  2,  FUtb  28,  consists  of  a 
numWr  of  boiizontal  straight  wrought  iron  tubes  A^  welded  up  at  the 
ends,  and  connected  witli  one  another  by  smalleT  vertical  pipes  B,  as 
skovn  enlarged  to  one  quarter  fuU  size  in  Fig.  6,  Plate  25.  These 
talm  contain  the  water  to  be  evaporated,  and  the  steam,  whilst  the 
file  is  outside  them.  It  is  essential  that  the  larger  tubes  be  horizontal 
or  nesily  so,  and  that  each  of  them  be  connected  to  the  next  tube  by 
means  of  two  of  the  connecting  pipes.  The  boiler  contains  five  layers 
(^  die  larger  tubes  of  2^  inches  internal  diameter  and  3  mdies  external ; 
the  oonneeting  pipes  are  g  inch  internal  diameter  and  1|  inch  external, 
fai  wwking,  the  water  level  is  in  the  middle  layer  of  tubes,  as  shown 
by  the  dotted  line  in  Figs.  1  and  2 ;  it  remains  free  from  the  violent 
mdnlations  which  occur  frequently  in  boilers  where  the  internal  space 
is  not  divided  off.  It  is  probable  that  a  circulation  establishes  itself  in 
the  water,  which  rises  with  the  bubbles  of  steam  through  the  vertical 
connecting  pipe  at  one  end  of  the  tube  and  descends  by  itself  through 
that  at  the  other.  The  hot  gases  from  the  fire  pass  backwards  and 
kmntds  between  the  layers  of  tubes,  as  shown  by  the  arrQws  in  Fig.  2, 
aad  remain  long  enough  in  contact  with  them  to  allow  of  a  very  good 
aheoiption  of  the  heat.  In  another  similar  boiler  used  for  some  time 
iheie  were  eight  layers  of  tubes  above  the  fire.  The  boiler  is  thus 
aade  up  of  a  number  of  vertical  subdivisions  arranged  side  by  side, 
each  containing  five  to  eight  parallel  tubes.  The  several  sections  are 
sn  eonaecCed  together  at  the  bottom,  by  means  of  a  cross  tube  0  with 
coBBertrng  pipes  to  each  section,  through  which  the  water  finds  the 
same  level  in  all  the  sections.  The  steam  is  taken  off  through  a 
fimiki  cross  tubo  D  at  the  top  of  the  boiler,  with  a  connecting  pipe  to 
the  highest  tube  of  each  section.  All  the  sections  are  proved  with 
water  pressure  up  to  3000  lbs.  per  square  inch. 

Hie  boOer  has  about  12  square  feet  of  grate  surface,  but  the  total 
area  of  the  air  spaces  between  the  bars  does  not  amount  to  more  than 
is  Bopi^ed  by  6  square  feet  of  ordinaiy  grate  surface ;  and  accordingly 
the  ire  is  large  but  slack.  The  total  heating  surface  amounts  to 
882  square  feet.  The  capacity  is  about  40  cubic  feet,  half  of  which  is 
water  space  and  half  steam  room.'  The  whole  boiler  is  firmly  held 
together  by  cast  iron  girders,  and  encased  in  non-conducting  sides  and 
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top  made  of  fanr  ihieknesste  of  light  plate  livetted  together  and  kept 
about  I  iadi  apart  by  ferrules,  bo  ae  to  form  three  doeed  air  ohambera. 
This  arrangement  is  speoiallj  adapted  for  maiiiie  biakn. 

Hie  floe  from  the  bcnler  is  made  to  pass  through  a  box  E, 
Figs.  8  and  4)  Plate  34,  containing  the  three  cylinders  of  the  engine, 
passing  first  down  the  small  or  high  pressure  cylinder  F,  then  up  Hie 
middle  one  0,  and  finally  acting  on  the  low  pressure  cylinder  H.  The 
temperature  of  the  gases  in  this  box  varies  iW)m  400°  to  500^  Fahr. 
After  leaving  the  box  they  pass  downwards  through  a  vertical  square 
flue  10  feet  long,  giving  up  their  remaining  heat  to  the  feed  water 
which  is  forced  up  through  a  wrought  iron  coil  of  g  inch  pipe  contained 
in  the  flue,  having  200  square  feet  of  heating  sur^Mse.  At  the  bottom 
of  this  flue  the  gases  enter  a  vertical  iron  fdnnel  of  40  feet  height  and 
84  inches  diameter.  The  heat  is  so  completely  abstracted  by  the  feed- 
water  coil  that  after  leaving  it  the  gases  have  never  been  found  hotter 
than  100^  Fahr. 

This  small  quantity  of  heat  in  the  chimney  gave  suffieient  draught 
to  cause  the  evi^oration  of  8)  cubic  feet  of  water  per  hour  in  the 
boiler ;  but  by  the  aid  of  a  small  fan,  driven  by  a  belt  from  the  main 
shaft  of  the  engine,  the  evaporation  was  usually  kept  at  15  cubic  feet 
per  hour.  The  evaporating  power  of  the  boiler  was  tested  by  means 
of  a  water  meter,  and  in  an  experiment  of  5  hours'  duration  390  lbs. 
of  anthracite  coal  evaporated  420  gallons  of  water,  which  is  about 
10|  lbs.  of  water  per  lb.  of  coal.  There  is  no  doubt  that  a  larger 
boiler  with  smaller  proportionate  loss  of  heat  by  radiation  to  the  outer 
air  would  give  a  still  more  fevourable  result. 

The  great  strength  of  this  construction  of  boiler  is  the  result  of  its 
being  in  reality  an  aggregate  of  a  number  of  very  small  boCere. 
It  absorbs  the  heat  from  the  fire  with  the  fedlity  of  a  modermte 
thickness  of  iron,  f  inch,  without  ever  having  a  calcareous  lining  to 
keep  the  water  away  from  the  hot  metal ;  while  at  high  pressures  it  is 
exposed  to  less  strain  than  ordinary  boilers  at  comparatively  low 
pressures.  Thus  the  shell  of  a  i^lindrieal  boiler  of  5  feet  diameter, 
or  26  times  the  internal  diameter  of  these  tubes,  will  be  exposed 
to  26  times  as  great  a  strain  as  the  sides  of  the  tubes  when  containing 
steam  of  the  same  pressure ;  or  at  19  lbs.  pressure  it  will  have  as 
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greit  •  strain  as  tbe  tubes  at  500  lbs.     But  even  if  tabular  boilers 
were  made  so  thin  as  to  be  equally  liable  to  gire  way  with  large' 
boilen,  Uiey  would  still  be  much  safer  to  use ;  for  if  one  of  the  tubes 
ven  to  be  destroyed,  the  water  from  the  neighbouring  tubes  would  be 
dnrea  out  tlirotigb  tbe  small  connecting  pipes,  by  which  it  is  in 
eonBaieatum  witb  tbe  rest  of  the  boiler,  in  a  very  quiet  sort  of  way 
eompired  wiA  tbat  in  which  the  contents  of  a  large  boiler  are  thrown 
(ratwhen  one  of  its  ends  gires  way  or  its  shell  is  rent  open.     In  fact 
exploaons  in  the  or^finaiy  sense  of  the  word  are  impossible  with  these 
tdbolar  boilers.     It  is  well  known  that  tubes  are  more  effective  and 
uk  when  containing  the  water  and  steam  within  them  than  when 
eoatttiiing  tbe  hot  gases  from  the  fdmaee  and  exposed  to  an  external 
pfwanre  of  tbe  smrounding  steam,  since  the  tenacity  of  wrought  iron 
18  greater  than  its  stifihess.     The  tubular  boilers  also  admit  of  being 
easily  and  speedily  repaired,  hf  taking  out  a  defective  section  and 
repladng  it  by  a  fresh  section  or  by  new  tubes  kept  in  store  for  such 
eoatingencies.    Bo  little  space  is  taken  up  by  the  tubes  of  these  boilers 
that  more  space  can  be  afforded  for  the  flues  and  firegrate  surface  than 
usual ;  and  the  whole  space  occupied  is  only  about  half  that  taken  up 
by  pUrte  boilers  of  equal  mechanical  power. 

Ike  Engine,  shown  in  Figs.  8  and  4,  Plate  24,  is  of  60  horse 
power  and  works  at  a  pressure  of  500  lbs.  per  square  inch.  It 
of  three  single-acting  cylinders  of  12  inches  stroke,  all 
to  a  single  crosshead  I  with  a  connecting  rod  at  each  end  to 
the  erank  shaft  E.  The  steam  passes  through  the  three  cylinders 
saoeeeaively,  the  down  stroke  being  made  by  the  simultaneous  action 
of  the  first  and  third  cylinders  F  and  H,  and  the  up  stroke  by  the 
actioB  of  the  middle  cylinder  G  alone ;  so  that  the  three  attached  to 
the  sane  eresshead  act  as  regards  the  rotation  of  the  shaft  like 
eae  ^finder. 

The  diagram  Fig.  7,  Plate  28,  is  a  vertical  section  of  the  three 
cyfiaders  to  a  larger  scale,  showing  the  position  of  the  vahres  during 
the  op  stroke.  The  steam  after  having  expanded  in  the  down  stroke 
Aawe  ^le  piston  of  the  first  cylinder  F  of  6  inches  diameter  is  allowed 
fiy  Ae  filling  of  the  eonieal  valve  M  to  pass  under  the  piston  of  the 
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second  cylinder  0  of  15  inches  diameter,  and  at  the  same  time  tmder 
the  piston  of  the  first ;  so  that  during  the  np  stroke  or  working  stroke 
of  the  second  piston,  the  piston  of  the  first  cylinder  is  in  equilibriam, 
and  the  steam  is  expanding  into  the  second  cylinder  of  6  times  the  area. 
The  valve  M  between  these  cylinders  then  closes,  leaving  open  the 
passage  between  the  bottoms  of  both,  while  the  first  cylinder  F  is 
receiving  a  fresh  snpply  of  steam  from  the  boiler  through  the  steam 
valve  L.  At  the  same  time  the  valve  N  between  the  second  and  third 
cylinders  O  and  H  is  lifted  and  the  steam  allowed  to  pass  above  the 
pistons  of  both  these  cylinders,  leaving  the  second  piston  in  equilibrium 
and  driving  the  third  piston  down.  In  the  down  stroke  therefore  there 
is  the  same  pressure  of  steam  in  the  top  of  the  third  cylinder  H,  in 
both  ends  of  the  second  cylinder  G,  and  in  the  bottom  of  the  first 
cylinder  F.  The  bottom  of  the  third  cylinder  is  constantly  in 
communication  with  the  vacuum  of  the  condenser.  The  third  cylinder 
is  of  the  same  diameter  as  the  second,  so  that  at  the  end  of  the  down 
stroke  the  steam  has  expanded  to  about  12  times  the  volume  of  the 
first  cylinder.  When  the  down  stroke  is  completed,  the  conical 
exhaust  valve  O  allows  the  steam  from  the  top  of  the  third  <r^linder 
and  also  from  the  top  of  the  second  to  escape  into  the  surfaoe 
condenser  P,  Fig.  8,  Plate  24 ;  whilst  the  valve  N  between  the  second 
and  third  cylinders  falls  to  its  seat,  closing  the  passage  between  the 
bottom  of  the  second  and  the  tops  of  both. '  The  whole  effect  therefore 
of  this  arrangement,  which  works  with  great  simplicily,  is  that  in  the 
up  stroke  the  first  and  third  pistons  are  in  equilibrium  and  the  second 
piston  has  the  vacuum  on  the  top  of  it ;  and  in  the  down  stroke  the 
second  piston  is  in  equilibrium  and  the  first  piston  works  against  a 
back  pressure  equal  to  the  pressure  of  the  steam  on  the  top  of  the 
third  piston. 

The  indicator  diagrams  from  the  three  cylinders  are  shown  in 
Figs.  8  and  9,  Plate  26.  That  from  the  first  cylinder,  Fig.  8,  was 
taken  from  the  passage  between  the  first  and  second  cylinders  at  the 
point  R,  Fig.  7,  since  there  was  not  room  for  fixing  the  indicator  on 
the  small  cover  of  the  first  cylinder.  The  cylinders  being  all  single- 
acting,  with  the  pistons  in  equilibrium  during  the  return  stroke, 
the  exhaust  line  in  each  diagram  represents  the  back  pressure  on  the 
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oppodte  side  of  Hie  piston  dnring  Uie  worUng  stroke :  so  that  each 

diagnm  represents  oompletelj  the  effective  pressure  m  eacb  cylinder, 

as  in  diagrams  taken  from  ordinarj  donble-acting  cylinders.      In 

Fig.  8  the  back  presenre  on  the  bottom  of  the  first  piston  dnring  the 

down  stroke  is  the  same  as  the  working  pressure  on  the  top  of  the 

tiurd,  as  already  explained,  while  the  bottom  of  the  third  cylinder  is 

open  to  the  condenser;  and  in  Fig.  9  the  up  stroke  of  the  second 

cylmder  is  made  against  the  vacamn  of  the  condenser. 

When  the  steam  in  the  first  cylinder  is  allowed  to  expand  to  4  times 
its  original  volnme  dnring  the  down  stroke,  it  has  expanded  to  7  times 
«B  mnch  or  28  times  its  original  volnme  by  the  end  of  the  np  stroke 
of  the  second  cylinder ;  and  hence  a  considerable  &11  of  temperature 
neoessarfly  takes  place  in  the  steam,  with  a  consequent  abstraction  of 
beat  from  the  inside  of  the  first  cylinder,  and  also  from  the  bottom  of 
the  second,  which  is  still  further  cooled  by  the  expansion  of  the  steam 
in  the  third  cylinder  to  48  times  its  original  yolume.  Not  only  are 
the  two  last  cylinders  cooled  by  contact  with  steam  which  has  lost 
heat  by  great  expansion  and  is  reduced  to  a  temperature  considerably 
lower  than  that  at  which  it  entered  the  first  cylinder ;  but  still  more 
by  the  evaporation  at  low  pressures  of  the  water  deposited  at  ihe 
beginning  of  the  stroke  by  the  condensation  of  steam  upon  the  cooled 
sides  of  the  cylinders.  That  water  is  contained  in  the  bottom  of  the 
second  cylinder  was  proved  by  inserting  a  screw  cock  at  the  lowest  part 
of  the  passage  between  the  second  and  third  cylinders ;  and  another 
pRxrf  is  given  by  the  remarkable  fact  that  the  quantity  of  steam 
cslcnlated  from  the  end  of  the  indicator  diagram  of  each  successive 
cyhnder  is  6|  cubic  feet  from  the  first,  9}  cubic  feet  from  the  second, 
tnd  nearly  14  cubic  feet  from  the  third,  showing  that  steam  is  condensed 
at  the  banning  of  the  stroke  of  the  first  and  second  cylinders,  and 
fiihsequently  evaporates  into  the  next  cylinder.  The  first  and  second 
cjlinders  together  condense  about  half  the  steam,  a  proportion  which 
probably  does  not  exceed  the  condensation  of  many  condensing  engines 
of  &r  less  expansion ;  yet  on  account  of  the  higher  initial  pressure  of 
•team  the  consumption  of  coal  per  horse  power  is  only  about  1 1  lbs. 
per  boor. 
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The  engine  was  made  to  nin  fast  in  order  to  allow  little  time 
.for  evi^raticm  of  internal  moisture  in  the  cylinders  between  the 
strokes;  and  in  all  respects  gives  the  most  favourable  trial  to  the 
principle  of  great  expansion  from  a  high  pressure  through  a 
succession  of  cylinders  communicating  directly  with  each  other. 
In  order  to  preserve  from  injury  the  cotton  packing  of  the  rod  that 
lifts  the  steam  valve  h,  Fig.  7,  of  the  first  cylinder,  which  is  exposed 
to  steam  of  very  high  temperature,  a  horizontal  cast  iron  tube  about 
18  inches  long  is  fixed  to  the  valve  chest  above  the  cylinder, 
containing  a  steel  shaft  with  a  cam  on  its  inner  end  which  lifts  the 
valve.  The  shaft  nearly  fills  the  cast  iron  tube,  and  all  escape  of 
steam  is  prevented  by  a  stufi^g  box  packed  with  cotton  at  the  outer 
end  of  the  tube,  which  always  remains  cold  since  there  is  no  passage 
of  steam  through  the  tube.  This  plan  of  lifting  the  valve  is  found 
perfectly  effective  and  convenient. 

For  constructing  larger  engines  to  expand  a  greater  number  of 
times  effectively,  the  arrangement  that  is  most  advantageous  depends 
upon  the  initial  pressure  of  steam.  If  steam  is  used  at  500  lbs. 
initial  pressure,  it  is«  thought  best  first  to  expand  it  down  to  about 
125  lbs.  pressure  in  a  couple  of  single-acting  cylinders,  connected 
either  on  opposite  cranks  or  at  opposite  ends  of  a  lever,  so  as  to  be 
equivalent  in  their  action  to  one'  double-acting  cylinder.  The  valves 
would  be  conical  valves  lifted  in  the  manner  described  above.  From 
125  lbs.  the  steam  may  then  be  expanded  down  further  through 
a  succession  of  double-acting  cylinders  with  ordinaiy  slide  valves. 

But  for  most  purposes  there  is  no  doubt  that  sufficient  economy  of 
fuel  can  be  attained  by  working  at  an  initial  pressure  of  160  lbs.,  and 
by  expanding  the  steam  about  16  times,  if  it  be  done  properly ;  and 
the  appliances  for  this  purpose  are  of  the  simplest  kind,  involving  no 
novelty  of  construction  but  merely  of  arrangement.  It  is  submitted 
that  the  mechanical  and  physical  defects  of  all  existing  arrangements 
for  getting  more  work  than  usual  out  of  steam,  by  making  it  expand 
many  times  in  one  cylinder,  may  be  avoided  and  their  object  more 
fully  carried  out  by  four  common  double-acting  cylinders  with  simple 
slide  valves.     The  cylinders  would  be  of  the  same  stroke,  with  areas 
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in  the  proporiion  of  1>  2,  4,  and  S,  oonnected  to  font  cranks  on  ihe 
8ime  Bhafi,  and  with  moderate  sized  tabular  steam  chambers  to  dry 
md  ailighily  gnperheat  the  steam  between  each  cylinder.  By  making 
the  first  and  aeeond  cylinders  work  on  opposite  cranks  and  close  to 
eicli  oiher^  one  woald  be  pulling  up  while  the  other  is  pushing  down, 
linis  neutraUsing  the  frictioi^  on  the  main  journals.  The  third  and 
fimih  cyHndera  wonld  likewise  work  on  opposite  cranks,  set  at  right 
tagks  to  the  firat  pur,  so  as  to  distribute  the  power  with  uniformity 
ihrooghont  the  whole  revolution,  the  steam  being  cut  off  in  each 
ejiinder  at  two  thirds  of  the  stroke.  £ach  cylinder  communicates 
with  the  next  by  means  of  a  steam  chamber  composed  of  drawn  tnbe^ 
oonnected  together  in  the  same  manner  as  the  tubes  in  the  boiler 
already  described,  and  placed  in  the  flue  from  the  boiler  for  the 
porpoae  of  superheating  the  steam  to  maintain  the  initial  temperature 
throaghout  the  whole  expi^nsion.  £ach  steam  chamber  supplies  steam 
to  the  next  cylinder  during  the  first  part  of  the  stroke,  until  the  slide 
ralre  cute  it  off  and  allows  the  steam  to  expand  during  the  remainder 
of  the  stroke ;  and  in  each  stroke  as  much  steam  is  supplied  to  the 
chamber  from  the  preceding  cylinder  as  goe?  out  into  the  next 
^linder.  Thus  the  supply  of  steam  to  the  second  cylinder  being  cut 
off  at  two  thirds  of  its  stroke,  which  is  also  two  thirds  of  the  exhaust 
stroke  of  the  first  cylinder,  the  remaining  steam  in  the  first  cylinder 
and  the  intervening  chamber  is  compressed  into  the  chamber  during 
^  remaining  third  of  the  stroke,  its  pressure  being  thereby  raised  to 
the  original  pressure  in  that  chamber,  so  that  the  next  and  each 
sneeeediog  stroke  of  the  second  cylinder  commences  with  the  same 
pnesme  of  steam.  A  similar  process  is  carried  out  in  the  remaining 
cylinders  and  steam  chambers. 

When  ^team  in  expanding  through  a  sucoession  of  cylinders  with 
mlcrveiiing  steam  chambers  leaves  each  cylinder  at  the  same  pressure 
as  the  steam  in  the  chamber  into  which  it  passes,  it  necessarily  gives 
thravtically  the  same  gross  work  on  the  pistons  as  if  it  expanded  to  the 
ianc  amount  in  a  single  cylinder.  Practically  however  it  is  impossible 
to  expand  so  much  as  16  times  in  one  cylinder  without  introducing 
umaj  serious  evils  wludi  bring  down  the  power  to  a  mere  fraction  of 
its  theoretioal  amount ;  whereas  the  expan^on  of  the  steam  to  double 
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its  volume  in  one  cylinder  can  be  carried  out  without  difficulty  or 
inconrenience. 

The  degree  to  which  the  steam  will  be  superheated  in  the 
intermediate  steam  chambers  depends  on  the  temperature  of  the  flue 
in  which  they  are  placed ;  but  as  the  tubular  boiler  exposes  a  large 
extent  of  heating  surface  to  the  action  of  the  hot  gases  from  the  fire 
before  they  come  in  contact  with  the  steam  chambers,  no  inconvenient 
amount  of  superheating  is  likely  to  occur,  nor  any  burning  out  of  the 
chambers.  It  is  desirable  to  arrange  the  superheaters  so  that  the  hot 
gases  may  come  in  contact  with  them  in  the  same  order  in  which  the 
steam  goes  throiigh  them,  so  as  to  act  last  on  the  coolest  steam 
chamber. 

Hie  Surface  Oondenser  used  with  the  engine  previously  described 
is  shown  in  Fig.  3,  Plate  24.  It  consists  of  a  number  of  straight 
wrought  iron  tubes  fixed  vertically  in  a  chamber  P,  closed  at  the  upper 
ends  and  screwed  by  their  open  ends  into  a  thick  plate  at  the  bottom, 
as  shown  enlarged  to  one  quarter  full  size  in  Fig.  5,  Plate  25.  These 
tubes  contain  the  cold  water,  which  circulates  rapidly  through  them, 
and  their  outer  surfaces  are  exposed  to  the  steam  to  be  condensed. 
Each  of  the  tubes  contains  a  smaller  tube  open  at  both  ends,  and 
through  this  inner  tube  the  condensing  water  is  driven  up  by  the 
pump  8,  Fig.  3,  to  the  top  of  the  outer  tube,  and  then  descends 
through  ^the  annular  space  between  the  tubes,  as  shown  by  the 
arrows  in  Fig.  5.  The  object  of  this  arrangement  is  to  prevent  the 
possibility  of  any  straining  and  consequent  leakage  of  the  tubes  from 
heating  or  unequal  expansion,  by  having  all  the  tubes  fixed  at  one  end 
only,  with  the  other  end  left  free.  The  condenser  in  use  has  about 
20  square  feet  of  cooling  surface  for  evei^  cubic  foot  of  water 
condensed  per  hour,  and  the  vacuum  obtained  by  it  varies  from 
26 1  to  28 i  inches  of  mercury,  notwithstanding  that  the  air  pump  T, 
Fig.  4,  is  exceedingly  small  in  proportion. 

An  incidental  but  not  unimportant  advantage  of  usifig  a  surface 
condenser  is  that  it  keeps  the  water  level  in  the  boiler  constant  without 
any  trouble  to  the  engineer,  by  always  returning  to  the  boiler  the 
exact  quantity  of  water  that  has  been  taken  out  as  steam.     For 
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eirnkting   the     water    through    the   tabes   of   the   condenser   the 

smmgement  best  suited  for  marine  engines  is  a  lift  pump  or  air 

pomp  to  draw  the  sea  water  through  them,  with  a  screw  cook  on  the 

inlet  pipe  by  which  the  supply  of  water  can  at  pleasure  be  throttled ; 

so  that  even  if  a  leakage  were  to  arise  in  the  tnbes  of  the  condenser) 

iM)  sea  water  could  ^et  in  to  mix  with  the  distilled  water,  but  on  the 

oontnry  an  outward  leakage  would  occur  if  care  were  taken  to  keep 

the  Ticuum  inside  the  tabes  a  little  better  than  that  in  the  condenser. 

In  order  to  supply  the  place  of  any  distilled  water  that  might  escape 

hj  letksge  or  otherwise,  a  small  still  should  be  attached  to  the  boiler, 

lieated  by  means  of  a  coil  of  steam  pipe  of  which  one  end  communicates 

vi'th  the  steam  room  of  the  boiler  whikt  the  other  is  over  the  hot  well 

sad  is  proyided  with  a  screw  cock.     As  soon  as  this  cock  is  allowed 

to  drip  or  mn,  the  still  will  begin  to  work  and  replenish  the  boiler 

with  distilled  water  through  the  nsual  channel  of  the  condenser. 


Mr.  £.  A.  CJoWPBR  observed  that  the  advantages  of  high  pressure 
itesni  were  now  gfenerally  acknowledged,  and  the  pressure  of  steam  in 
eagxaes  had  been  gradually  raised,  having  risen  now  in  locomotives 
from  100  lbs.  to  150  and  even  200  lbs.  per  square  inch.  He  therefore 
thought  it  was  deairable  to  look  boldly  at  the  fulvantages  of  a  much 
kigher  pressure,  as  had  been  done  in  the  paper  just  read,  where  it  wi^ 
proposed  to  work  with  500  lbs.  steam,  and  the  engine  described  had 
been  worked  at  that  pressure  to  show  the  advantages  practically.  The 
boiler  he  had  seen  working  at  that  pressure,  and  it  certainly  appeared 
a  rery  Strang  construction.  With  a  high  pressure  of  steam  he  had 
k»g  ocmsidered  the  use  of  a  surface  condenser  and  distilled  water  in 
the  bailer  ess^atial  to  economy,  and  it  was  attended  with  advantages 
of  great  importance :  the  necessity  for  cleaning  the  boilers  was  done 
avay  with,  as  no  deposit  could  ever  be  formed,  and  the  water  level  was 
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muntained  constant,  whatever  quantity  of  steam  was  taken  off  bj  the 
engine ;  while  there  was  only  l-25th  as  much  water  to  pnmp  oat  of  the 
condenser,  and,  what  was  of  even  greater  importance,  the  pumping  oat 
of  the  air  introduced  with  the  injection  water  in  ordinary  condensers 
was  bared. 

Mr.  Perki^  said  the  indicator  diagram  fthown  from  the  first 
cylinder  waa  taken  from  the  passage  between  the  valve  and 
cylinder,  because  there  was  not  room  to  get  the  indicator  on  the  top 
bf  so  sinall  a  cylinder.  The  boiler  pressure  was  570  lbs.,  and  the 
spring  of  the  indicatbr  made  the  figure  jump  up  to  600  lbs.  when  the 
steam  Was  admitted,  but  the  atotual  pressure  was  only  510  lbs.  total 
at  the  tame  of  cutting  off.  The  steam  was  cut  off  at  l-4th  of  the  stroke 
in  the  first  cylinder  and  expanded  dbwn  to  170  lbs.  total  preasure  or 
about  8  times,  when  it  was  exhausted  into  the  second  cylinder,  the 
pressure  dropping  to  88  lbs.  total  ih  the  passage  between  the 
cylinders  ;  from  the  second  cylinder  it  was  exhausted  at  36  lbs.,  and 
dropped  to  30  lbs.  in  the  passage  to  the  third  cylinder,  from  which  it 
was  let  out  into  the  condenser  at  a  pressure  of  27  lbs.  total,  making 
the  whole  expansion  from  the  commencement  amount  to  about 
19  times. 

Mr.  E.  A.  CowPER  remarked  that  as  the  pipe  horn  the  cylinder 
to  the  indicator  was  long,  there  might  be  an  accumulation  of  water 
in  it  which  would  cause  the  indicator  to  jump  by  its  momentum. 
He  enquired  whether  the  drop  in  the  pressure  in  exhaudtiing  froM  oine 
cylinder  into  the  next  was  owing  t6  the  passages  between  th^  cyllhden 
being  large. 

Mr.  Perkins  replied  that  the  passages  were  hot  large,  but  the 
drop  was  occasioned  by  the  steam  being  cooled  from  want  of  inefficient 
heat  in  the  casing  to  maintain  the  temperature.  The  pi^e  from  the 
cylinder  to  the  indicator  had  to  be  Inade  long  in  order  to  keep  the 
packing  of  the  indicator  from  being  burnt  by  the  high  temperature  of 
the  steam  ;  consequently  the  pressure  Was  probably  somewhat  lower  in 
ttie  indicator  than  in  the  cylinder. 

Mr.  W.  Bough  enquired  whether  the  indicator  diagranui  iraried 
with  the  speed  of  running,  and  what  was  the  speed  when  they  were 
taken. 
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Mr.  PBBKIB8  relied  that  there  wm  a  tariation  in  the  diagrams 
•QQOfding  to  the  speed  of  the  engine,  but  ihej  were  not  so  reliable  at 
a  lugh  speed,  on  aocoimt  of  the  oscillation  of  the  indicator,  and  the 
engine  waa  ther^bre  worked  at  only  About  60  revoltttions  per  minnte 
wk&t  the  diagnms  were  being  taken  and  slower  than  would  be  the 
case  in  actoal  work,  When  it  would  run  at  about  100  revoltttioni  per 
■iiMite. 

Mr.  M.  Smith  enquired  how  long  the  engine  had  been  at  work, 
and  what  was  its  costw 

Mr»  Pbrkihs  relied  that  the  engine  had  not  yet  be^ii  applied  to 
vegvdar  work,  bmt  had  hwa  working  ^zpertmebtAily  during  the  last 
sx  moiiths  with  a  friction  break  to  test  the  practieability  of  the  plan. 
He  eost  was  about  the  same  as  that  of  taarine  engines,  naittely  £6^ 
ta  £60  per  Bominal  horse  power  iticlttding  the  boikr^  the  "engine 
iB^estH^  he^ever  from  8|  to  3  tiiires  the  noaiinal  h^rse  power. 

Mr.  Bb  A^  Oewp^B  obserred  that  the  larger  engine  suggested  ia 
the  paper  with  tiie  steam  expanded  through  f6mt  cylinders  working  in 
pain  on  eranks  at  rig^t  angles  wotdd  give  a  very  unilerttk  driting 
pwar,  with  probaUy  only  finam  10  to  25  per  <6ent.  yariation  in  driving 
power  tiiroughout  the  levolutioa,  tnoordmg  to  the  point  of  cutting  off 
hk  aaeh  ^limder. 

Mr.  W.  Wbild  asked  Why  the  driving  Abaft  was  placed  below  the 
cfiinder^  lor  manufactuiers  generally  objected  to  having  the  engine 
inverted,  from  the  greater  difficuKy  <of  keiq^g  it  M  order  atod  doing 


Mr.  Pbbsihs  said  in  the  present  engine  they  had  6nly  taken  the 
form  wied  for  propeller  engines,  but  for  manulbcturing 
pniposes  the  engine  would  be  revered  in  position,  and  it  might  be 
BRBBged  in  any  way  to  suit  convenience. 

Mr.  W.  Mav  had  eeen  the  engine  at  work  when  it  was  driving  the 
frietton  breaks  sod  it  appear^  a  useful  step  tX)#ards  improved  Economy 
in  steam  engines,  by  lowing  the  pmcticability  of  much  greater 
pTMiuD  and  estpansion,  whetiter  ttie  details  of  ^oonstrutBtion  at  present 
■dopted  were  CKAsidered  the  best  w  not.  The  boiler  <seeikied  in  good 
■ad  perfectly  safe  for  the  high  pressure  of  steam ;  it  coaM  be 
repaiied  by  the  renooviai  of  luiy  portion  widioot  interfering  wi^ 
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the  rest  of  the  boiler.  The  temperature  in  the  ohimney  was  remark- 
ably low,  the  iron  casing  being  so  oool  that  the  hand  conld  be  borne 
on  it. 

Mr.  J.  CooHBAKB  enquired  whether  there  would  not  be  aome 
difficulty  with  the  boiler  from  the  chance  of  the  small  connecting  pipes 
get&g  choked  up  if  the  water  were  not  perfectly  pure. 

Dr.  Williamson  said  that  in  larger  boilers  larger  connecting  pipes 
would  be  used,  and  the  smaller  pipes  were  certainly  liable  to  become 
incrusted  with  common  water ;  but  where  pure  water  was  used  with  a 
surface  condenser,  there  was  nothing  that  could  ever  get  into  the  pipes* 
to  choke  them,  and  it  was  not  contemplated  to  work  a  IxHler  of  this 
construction  except  with  a  surface  condenser.    The  only  way  to  ensure 
safety  and  durability  in  such  a  boiler,  or  in  any  other  kind  of  boiler 
was  to  avoid  the  evil  of  incrustation  by  using  a  surface  condenser, 
without  which  he  thought  no  boiler  ought  eyer  to  be  worked  at 
high  pressures.    In  the  present  boiler  no  incrustation  had  as  yet  been 
experienced  nor  could  any  take  place,  but  the  boiler  would  be  spoiled 
directly  if  used  with  ordinaiy  water  and  an  injection  condenser.     The 
principle  of  surface  condensers  had  been  established  by  many  preTioos 
trials,  and  various  forms  of  construction  had  been  devised.     Hie  grid- 
iron condenser  on  Mr.  Cowper's  plan  had  been  successfully  employed, 
having  the  steam  passed  through  a  set  of  horizontal,  pipes  with  water 
continually  trickling  over  them  outside,  whereby  a  vacuum  of  29 1 
inches  of  mercury  was  obtained  and  kept  up  for  a  long  time.     This 
was  a  very  effective  form  of  surface-evaporative  condenser,  and  the  only 
.objection  to  its  use  was  that  it  was  bulky  and  inconvenient  on  board 
ship,  on  which  account  he  preferred  something  more  like  HalPs 
condenser ;   and  in  order  to  get  over  the  difficulty  of  the  tubes  leaking 
at  the  ends  in  consequence  of  being  loosened  by  alternate  expansion 
and  contraction,  the  tubes  in  the  condenser  now  described  were  fixed 
only  at  one  end  and  left  free  at  the  other,  and  therefore  could  not 
leak  as  there  was  no  strain  on  the  air-tight  joints. 

The  present  engine  was  intended  simply  as  a  practical  instance  of 
using  very  high  pressure  steam,  and  not  as  the  most  perfect  mode  of 
working  the  steam,  but  to  show  that  working  at  500  lbs.  pressure  was 
as  easy  as  at  ordinary  moderate  pressures.     The  pressure  of  steam 
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almdy  in  use  in  other  engin€8  had  risen  gradually  to  300  lbs.,  and  in 
mifig  such  a  boiler  as  now  described  much  higher  pressures  might  be 
employed  with  confidence,  on  account  of  the  great  strength  of  the 
small  tabes,  the  boiler  baring  been  proved  by  water  pressure  up  to 
9000  lbs.  per  sqnmre  inch. 

Mr.  J.  MuRPHT  considered  tubular  boilers  were  decidedly  superior 
in  principle  to  plate  boilers  for  high  pressures,  on  account  of  their 
greater  safety  and  efficiency;  they  were  in  use  in  many  American 
steamers,  where  the  tubes  were  all  of  the  same  diameter  and  joined 
at  the  ends  by  curved  bends  screwed  on,  giving  a  continuous  passage 
tkroogh  the  tabes.  He  enquired  how  the  junctions  were  made  in 
the  boiler  now  described,  and  whether  there  would  not  be  some 
diffiealty  in  getting  out  any  part  of  the  boiler  for  repairs,  on  account 
ai  the  number  of  joints. 

Mr.  Pbrkins  replied  that  each  section  of  the  boiler  was  connected 
by  a  single  vertical  pipe  at  top  and  bottom  to  the  main  cross  tubes,  and 
ibis  connecting  pipe  had  a  right-handed  thread  at  both  ends,  the 
thread  being  made  long  enough  to  allow  of  completely  detaching 
aoy  section  without  interfering  with  those  on  either  side.  The 
iatermediate  vertical  connecting  pipes  were '  all  fixed  with  right  and 
left  handed  screws.  The  boiler  tubes  were  2|  inches  bore  and  g  inch 
tfaidL,  and  were  butt  welded  so  as  to  have  the  same  thickness  throughout 
aad  sofficient  to  allow  of  screwing ;  and  the  connecting  pipes  were 
]  iBch  bore  and  }  inch  thick.  Thin  tubes  were  generally  liable  to  be 
ddectrre  in  material,  but  these  were  such  as  he  had  used  extensively 
hr  many  years  in  hot  water  warming  apparatus  working  under  high 
pressure  with  complete  safety. 

Ifr.  F.  J.  Bramwbll  had  seen  the  engine  at  work  and  considered 

it  naeftil  and  interesting  in  illustrating  the  economy  of  steam  power 

fay  using  increased  pressure  and  greater  expansion.     The  mode  of 

the  evaporative  duty  of  the  boiler  by  measuring  the 

kpticm  of  water  with  a  meter  he  thought  was  liable  to  error  if 

not  diecfced  by  observing  the  total  increase  of  heat  in  the  condensing 

',  in  order  to  allow  for  water  carried  over  as  priming,  which 

made  the  evaporative  results   appear  greater  than  they 

renilT  were.     It  was  necessary  to  adopt  this  check  in  calculating  the 
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evaporattive  duty,  because  priming  was  sure  to  oooar,  ezoept  in  boilers 
with  yery  large  steam  TQom  where  there  was  no  violent  ebnllition. 
He  had  known  an  instance  where  the  bailers  in  some  of  the  American 
steamers,  made  with  a  nnmber  of  yertioal  tnbes,  had  been  stated  to 
give  a  very  high  evaporative  duty ;  bnt  when  their  aotnal  perfonnance 
wan  tested  with  a  meter,  it  was  fonnd  that  43  lbs.  of  water  were  fed 
into  the  boiler  per  indicated  horse  power  per  honr,  which  certainly  could 
never  have  been  all  converted  into  steam,  but  showed  that  priming 
mnst  have  taken  place  extensively,  and  that  the  apparent  high 
evaporative  duty  was  a  mistake. 

Mr.  E.  A.  OowPBR  observed  that  vertical  tnbnlar  boilers  were 
especially  liable  to  priming,  from  the  comparatively  small  area  of 
water  surface  for  the  liberation  of  the  steam. 

He  proposed  a  vote  of  thanks,  which  was  passed,  to  Dr.  Williamson 
and  Mr.  Perkins  for  their  paper,  and  hoped  it  would  lead  to  the 
further  development  of  the  important  advantages  of  high  pressure 
steam  with  great  expansion. 


The  Meeting  then  terminated. 


PROCEEDINGS. 


31    July   and    1    August,    1861 


The  AvHUAL  Provincial  Mebthtg  of  the  Members  was  held  in 
tiie  Music  Hall,  Surrey  Street,  Sheffield,  on  Wednesday,  Slst  July, 
1^1;  8ir  William  G.  Arhbtrokg,  President,  in  the  Chair. 

The  Minnies  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Chaibmah  announced  that  the  Ballot  Lists  had  been  opened 
hf  the  Committee  appointed  for  the  purpose,  and  the  following  New 
MembeTB  were  duly  elected : — 


MBHBBBS. 

Gsoegk  Addbhbbookb, 

Hekbt  Bbssbmbb,  . 

William  Essoir, 

Sampsou  Llotd  Fobtbb, 

Edwabd  Grbbh,  Juh., 

Wnj.iAM  Hadbh,    . 

Petib  Haggix,  . 

JosBPH  Bbitnbtt  Howbll, 

Bobbbt  Jaokboit, 

Thohab  William  Jbffoock,   . 

Joseph  Mitchbll, 

LoFTus  Pbbkivs,    . 

Thomas  William  Plum, 

Thomas  Edwabd  Yickbbs, 

honobabt  membbb 
Albxahdbb  W.  Williamson, 


Darlaston. 

Sheffield. 

Cheltenham. 

Wednesbury, 

Wakefield. 

Dudley. 

Gateshead. 

Sheffield. 

Sheffield. 

Sheffield. 

Worsbro'  Dale. 

London. 

Blaenavon. 

Sheffield. 

London. 


The  Prssidbht  then  deliyered  the  following  address  : — 
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ADDRESS  OF  THE  PRESIDENT. 


The  era  of  Mechanical  Engineering  may  be  regarded  as  dating 
from  the  period  when  the  Steam  Engine  first  became  applicable 
through  the  genius  of  Watt  to  the  production  of  continuous  rotary 
motion.  The  introduction  of  separate  condensation,  which  had 
previously  been  effected  by  that  great  man,  may  justly  be  considered 
the  chief  foundation  of  his  fame.  But  it  was  not  until  he  had 
succeeded  in  converting  the  reciprocating  movement  of  the  piston  into 
rotary  action  that  the  steam  engine  became  available  for  every  variety 
of  purpose  requiring  the  employment  of  motive  power. 

While  Watt  was  thus  engaged  in  rendering  the  steam  engine 
capable  of  universal  application,  the  great  invention  of  Arkwright, 
the  author  of  the  modem  system  of  spinning,  was  struggling  into 
notice.  This  was  quickly  followed  by  that  of  Cartwright,  the 
designer  of  the  power  loom,  which  marked  a  new  era  in  the  art  of 
weaving.  These  inventions  were  each  destined  to  play  a  part  of 
incalculable  importance  to  mankind,  and  to  afford  employment  to  the 
giant  power  which  Watt  had  raised  from  infancy  to  maturity.  They 
have  distributed  cheap  and  abundant  clothing  over  the  face  of  the 
earth ;  and  while  they  have  conferred  so  great  a  boon  on  the  whole 
human  race,  they  have  been  and  still  continue  to  be  the  chief  source 
of  this  country's  wealth.  These  great  advances  in  textile  manu- 
factures were  purely  utilitarian  in  their  character.  It  was  reserved 
for  France  to  complete  the  work,  and  extend  the  humanising  influence 
of  ornament  and  taste,  by  giving  birth  to  the  Jacquard  loom. 

Nearly  simultaneous  with  these  inventions  were  those  of  Cort, 
which  though  of  a  widely  different  character  have  produced  fruits  of 
equal  importance.  They  have  had  the  effect  of  enormously  facilitating 
the  conversion  of  cast  iron  into  the  malleable  form,  and  have  enabled 
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Ttt  io  roll  it  into  bars  of  every  variety  of  section,  thus  paving  the  way 

ioT  ihe  introdaction  of  railways,  and  rendering  iron  available  for  the 

ooBstracdon  of  ships,  and  the  various  structures  on  land  in  which  it 

isiiCfw  employed.     Following  down  the  history  of  the  manufacture  of 

U0&  from  the  days  of  Oort,  we  come  at  a  later  date  to  the  introduction 

of  the  steam  hammer  by  Nasmyth,  and  of  the  hot  blast  by  Neilson. 

The  former  has  rendered  practicable  the  fabrication  of  those  large 

iBuses  of  iron  which  are  now  daily  required  in  the  construction  of 

bavy  machinery ;  while  the  latter  has  had  the  effect  of  diminishing 

the  cost  and  extending  the  application  of  the  material. 

Tuning  next  to  the  subject  of  Steam  Navigation,  we  find  that 

the  first  attempt  to  propel  a  vessel  by  steam  was  made  by  Miller, 

on  the  Forth  and  Clyde  Canal,  soon  after  the  adaptation  of  the  steam 

engine  to  rotary  motion  by  Watt.     At  a  somewhat  later  date,  though 

with  more  success,  Fulton  constructed  a  steam  vessel  in  America : 

bat  the  achievements   of  both  were  feeble  foreshadowings  of  that 

mighty  growth,  which  in  the  course  of  half  a  century  has  covered  the 

ocean  with  steamers  ;    advancing  step  by  step  from  an  insignificant 

boat  on  the  Clyde  to  that  wonder  of  our  age,  the  '^  Great  Eastern  '* 

steamship.     This  great  development,  although  so  rapid,  has  never- 

tbdeas  been  bo  gradual  that  the  adoption  of  the  screw  propeller  is  the 

only  prominent  feature  in  its  progress.      The  introduction  of  the 

screw,  which  is  chiefly  due  to  the  perseverance  and  enterprise  of 

Fn&eis  Smith,  has  rendered  the  power  of  steam  available  for  war 

venels,  while  in  sea-going  steamers  generally  it  seems  destined  to 

displace  entirely  the  earlier  invention  of  the  paddle. 

As  in  the  case  of  steam  navigation,  the  propulsion  of  carriages  by 
steam  power  on  land  had  its  origin  in  very  small  beginnings.  From 
the  days  of  Watt,  who  first  suggested  the  application  of  the  steam 
engine  for  this  purpose,  up  to  the  time  when  George  Stephenson,  the 
IQastrioas  first  President  of  this  Institution,  devoted  with  wonderful 
poseveranoe  the  inventive  powers  of  his  mind  to  its  perfection,  the 
Loeomotire  Engine  had  attained  no  practical  value.  But  in  the  hands 
of  Stephenson  it  took  as  great  a  stride  as  did  the  condensing  engine 
in  the  hands  of  Watt.  The  ever  memorable  *'  Bocket,*'  which  carried 
off  the  prize  at  the  opening  of  the  Liverpool  and  Manchester  Railway, 
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became  the  type  of  all  succeeding  locomotiyes,  just  as  the  condensing 
engine  as  left  bj  the  original  master  has  remained  the  standard  of 
that  class  of  engines.  Of  all  the  achievements  of  mechanical  engineers 
the  locomotive  engine  is  the  greatest.  As  a  work  of  skill  it  presents 
the  most  remarkable  instance  of  strength  and  power,  combined  with 
lightness,  that  can  be  found  in  the  whole  field  of  mechanical 
engineering ;  while  in  point  of  utility  it  has  served  more  than  any 
other  invention  to  develop  the  resources  of  every  country  in  which  it 
has  been  employed. 

By  promoting  centralisation,  steam  communication  has  made  good 
government  cheaper  and  more  practicable.  It  has  strengthened  the 
hands  of  the  executive,  broken  down  provincialism,  opened  out  new 
markets  for  produce,  established  new  fields  of  supply,  equalised  prices, 
and  facilitated  colonisation.  It  has  given  fresh  life  to  old  nations, 
and  added  to  the  vigour  of  new  ones.  A  Greek  poet  with  seemingly 
prophetic  import  has  described  the  business  of  the  road-making  sons 
of  Vulcan  to  be  that  of  converting  the  uncivilised  places  of  the  earth 
into  civilised.  True  sons  of  Vulcan,  the  god  of  iron  and  of  fire,  are 
those  men  who  in  our  time  have  been  the  pioneers  of  civilisation,  by 
giving  steam-worked  railroads  to  the  world,  and  applying  the  steam 
engine  on  the  highways  of  the  ocean. 

While  the  steam  engine  was  being  applied  to  manufacturing 
purposes  and  to  locomotion  on  land  and  by  water,  there  was  one 
branch  of  industry  in  which  it  remained  neglected.  Whether  it  be 
that  ancestral  usages  are  more  reverenced  by  the  owners  and  tillers  of 
land  than  by  the  more  progressive  inhabitants  of  cities,  or  whether  the 
steam  engine  was  regarded  by  the  rural  population  as  an  upstart  rival 
of  the  horse,  with  which  their  pleasures  and  pursuits  were  so  much 
associated,  certain  it  is  that  the  cultivators  of  the  soil  were  the  last 
to  resort  to  the  agency  of  steam.  But  agriculture  is  now  added  to 
the  domain  of  science,  and  under  her  sway  the  steam  engine  has  been 
applied  to  numerous  purposes  of  husbandry.  Some  of  these  have 
involved  peculiar  dijQficulties,  and  perhaps  in  no  case  have  the  resources 
of  mechanics  been  more  severely  taxed  than  in  applying  steam  power 
to  the  operation  of  ploughing.  Much  interest  at  present  attaches  to 
this  subject,  in  connexion  with  the  recent  exhibition  of  the  Royal 


PRBSIDENT^B   ADBRBBS.  113 

Agnodtoral  Society  at  Leeds,  and  the  Bnccessfal  results  obtained  on 
^  oceanon  by  Fowler  and  bj  Howard,  both  members  of  this 
lostitatioii. 

The  deyelopment  of  these  seyeral  inTentions  has  involyed  the 
neoeanty  of  great  improyements  and  refinements  in  tools  and  con- 
stnictiye  machineiy ;  and  the  name  of  Whitworth,  another  of  your 
Preddents,  will  go  down  to  posterity  as  that  of  the  man  who  has  been 
docfiy  instxxmiental  in  raising  to  its  present  height  this  important 
bnoch  of  medianical  engineering.     Bnt  it  mast  not  be  forgotten  that, 
vbaterer  may  be  the  perfection  of  tools,  manual  dexterity  will  eyer  be 
tlte  foondation  of  excellence  in  construction  ;   and  if  the  skill  of  the 
artificer  had  not  kept  pace  with  the  progress  of  invention,   the 
iPfrfianical  productionB  of  the  present  day  would  not  haye  been 
poenble.     It  is  a  proud  reflection  for  Englishmen  that  nearly  all 
the  names  comiected  with  the  wonderful  series  of  mechanical  triumphs 
to  which  I  haye  adyerted  haye  been  those  of  their  fellow  countrymen ; 
•ad  tlda  fact  is  the  more  remarkable  when  we  consider  that  in  earlier 
our  country  had  been  singularly  sterile  in  the  production  of  this 
of  talent. 
Xq  thus  glancing  at  the  history  of  mechanical  science  during  the 
last  eighty  years,  we  see  how  entirely  our  successes  haye  been  based 
upon  the  possession  of  that  metal  with  which  nature  has  supplied  us 
in  the  greatest  abundance.     Without  iron  all  our  skill  and  ingenuity 
woald  haye  resulted  in  comparatiyely  nothing ;    and  had  it  not  been 
eadoved  with  that  singular  property  of  hardening  by  sudden  immersion 
after  preyious  conyersion  into  steel,  we  should  haye  been  depriyed,  of 
the  metns  of  catting  and  shaping  it  to  those  accurate  forms  which 
■Mdianical  constructions  require.     Its  property  of  welding  is  ahnost 
oqnally  essential  to  its  utility ;  and  the  combination  of  these  remark- 
able qualities  in  one  metal,   coupled  with  the  fact  of  its  natural 
localities  being  generally  identical  with  those  of  coal,  affords  the  most 
itiiklog  instance  of  adaptation  to  the  purposes  of  man  that  can  be  found 
ui  the  mineral  kingdom.     It  is  the  iron  and  not  the  golden  age  which 
is  the  tme  age  of  ciyilisation ;  and  England  has  led  the  way  in  the 
Bareh  of  progress,  chiefly  through  her  skill  and  energy  in  producing 
this  metal  and  applying  it  to  mechanical  purposes. 
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Iron,  unlike  all  other  metals,  has  tliree  phases  of  existence : 
cast  iron,  wrought  iron,  and  steel :  each  equally  useful,  and  yet  so 
different  as  to  he  virtually  separate  metals.  In  the  manufacture  of 
steel  the  town  of  Sheffield  enjoys  an  unrivalled  eminence,  and  our 
discussions  on  this  occasion  will  naturally  he  directed  to  those  various 
questions  of  peculiar  interest  which  at  present  apply  to  that  most 
useful  product. 

I  have  hitherto  spoken  of  the  mechanical  arts  as  applied  only  to  the 
purposes  of  peace  ;  •  hut  I  have  yet  to  refer  to  the  darker  side  of  the 
picture  in  speaking  of  their  application  to  the  purposes  of  war.  We 
shall  all  agree  in  condemning  war,  and  deploring  the  suffering  it 
entails  ;  hut  we  must  not  regard  it  as  destitute  of  all  admixture  of 
good.  The  conquests  of  ancient  Home  scattered  the  genjis  of  civil- 
isation over  the  whole  of  the  then  known  world,  and  similar  effects 
have  attended  many  of  the  conquests  of  more  modem  times.  War 
also  affords  a  field  for  the  exercise  of  some  of  the  nohlest  attributes  of 
our  nature  :  courage,  patriotism,*  self-devotion,  and  honour,  have 
found  their  brightest  examples  amongst  those  who  have  followed  the 
profession  of  arms :  and  the  homage  which  is  universally  paid  to 
military  distinction  shows  how  contrary  to  our  instincts  are  the  tenets 
of  those  moralists  who  place  war  and  crime  in  the  same  category. 
But  whatever  opinions  may  be  held  on  this  subject,  it  is  useless  to 
take  Utopian  views  of  the  duties  of  nations  and  the  prindples  which 
ought  to  regulate  their  intercourse.  We  know  that  nations,  like 
individuals,  are  liable  to  quarrel ;  and  when  they  do  so,  having  no 
common  jurisdiction  to  control  them,  they  resort  to  arms.  80  long 
therefore  as  any  one  nation  maintains  its  armaments,  it  is  an  absolute 
necessity  that  others  should  do  the  same,  unless  they  choose,  by  their 
inability  to  resist,  to  tempt  a  rupture,  and  are  content  to  succumb  in 
the  event  of  its  occurrence.  Our  neighbours  the  French,  always 
forward  in  everything  appertaining  to  war,  have  of  late  years  devoted 
their  energies  to  two  most  important  subjects  :  the  rifling  of  ordnance, 
and  the  application  of  defensive  armour  to  ships.  Their  advances 
have  necessitated  similar  steps  on  our  part,  and  we  have  certainly 
no  reason  to  suppose  that  we  are  behind  them  in  the  race. 
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With  the  first  of  these  subjects  I  haye  been  personally  much 

coneerned,  and  I  have  also  had  opportunities  of  observing  the  merits 

ud  defects  of  the  various  descriptions  of  armour  plates  with  which 

expenments  have  been  made  by  the  direction  of  government.     I  need 

Kucdy  &ay  that  up  to  the  present  time  cast  iron  has  been  almost 

exdodvely  employed  in  the  construction  of  heavy  ordnance ;  but  guns 

mideof  that  material  have  not  been  found  adequate  to  resist  the  more 

Kvere  strain  incident  to  the  use  of  elongated  rifled  projectiles.     This 

iittdeqoacy  of  strength  becomes  the  more  decided  as  the  magnitude  of 

tiie  gun  is  increased ,  and  since  a  growing  demand  exists  for  more 

poverfol  artillery,  the  use  of  cast  iron  for  its  construction  seems  to 

be  en^ely  precluded.     It  is  said,  and  I  believe  with  truth,  that  in 

America  the  manufacture   of  cast  iron  ordnance  has   been   so  far 

improved  by  applying  water  to  cool  the  casting  from  the  interior,  as  to 

enable  serviceable  guns  of  this  material  to  be  produced  of  much  larger 

hote  than  have  been  made  in  England.     But  it  appears  that  these 

gUDs  have  not  been  rifled,  and  are  intended  to  be  used  only  with 

hoUow  projectiles.     This   success  therefore    affords    no   reason  for 

coming  to  a  different  conclusion  as  to  the  unfitness  of  cast  iron  for  the 

ooBstniction  of  rifled  guns  designed  to  project  solid  shot,  especially 

when  the  dimensions  are  large.     Even  when  strengthened  by  wrought 

lion  hoops,  the  tendency  of  cast  iron  in  a  gun  is  to  become  weaker  by 

every  socoeeding  discharge.    This  is  owing  to  minute  fractures  occurring 

in  the  bore,  generally  near  the  vent,  and  gradually  extending  until 

they  terminate  in  the  rupture  of  the  gun.     If  therefore  cast  iron  guns 

are  to  be  made  available  at  all  as  rifled  ordnance,  it  can  only  be 

by  eonfining  their  use  to  hollow  projectiles  and  light  charges. 

But  if  the  same  indulgence  were  extended  to  wrought  iron  guns, 
equal  efficiency  would  be  obtained  with  half  the  weight  of  metal ;  and 
on  this  ground  alone  the  superiority  of  the  latter  is  decisive.  Wrought 
iron,  made  either  from  bloom  or  from  puddled  ball,  must  necessarily 
ooQsiat  in  the  first  instance  of  a  congeries  of  welds  or  joinings. 
Xhe  smaller  the  mass  and  the  more  it  is  reduced  under  the  rolls  or 
hammer,  the  more  perfectly  will  it  be  united ;  but  when  a  large  block 
is  forged  from  an  aggregation  of  blooms  it  is  almost  impossible  to 
render  it  homogeneous  throughout.     The  flaws  in  such  a  forging  will 
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generally  be  drawn  out  by  the  process  of  hammering  in  the  direction 
of  the  length,  and  will  therefore  not  materially  affect  its  strength  in 
reference  to  longitudinal  strains :  bnt  if  the  mass  be  subjected  to  an 
explosive  force  acting  from  the  interior,  as  in  a  gun,  the  presence  of 
such  flaws  becomes  fatal.  Wrought  iron  therefore  applied  as  a  solid 
block  to  the  construction  of  guns  I  hold  to  be  even  more  objectionable 
than  cast  iron ;  for  although  a  wrought  iron  gun  thus  made,  if  it 
happen  to  be  sound,  may  possess  greater  powers  of  resistance,  yet 
it  must  always  be  more  subject  than  cast  iron  to  concealed  flaws,  and 
on  that  account  be  more  uncertain  and  treacherous.  If  iron  after  its 
conversion  to  the  malleable  form  could  be  fused,  all  welds  would  be 
obliterated  and  the  mass  rendered  uniform  throughout.  Such  a 
material  would  merit  the  appellation  of  homogeneous  iron ;  but  the 
metal  which  now  bears  that  name  is  of  a  different  nature,  being 
merely  a  species  of  cast  steel. 

The  crystalline  form  assumed  by  steel  in  solidifying  from  the  liquid 
state  always  renders  the  material  in  the  flrst  instance  hard  and  brittle  ; 
and  it  is  only  in  the  subsequent  process  of  hammering  that  it  acquires 
ductility  and  toughness.  This  alterative  process  of  hammering  is 
perfectly  effectual  when  the  thickness  of  the  steel  is  small ;  but  when 
it  is  wanted  to  be  forged  in  a  large  mass  it  appears  to  be  a  matter  of 
the  utmost  difficulty  to  effect  the  required  change.  It  is  seldom  that 
the  enterprise  of  English  manufacturers  is  exceeded  by  that  of 
foreigners,  but  in  the  production  of  steel  forgings  of  large  dimensions 
Krupp  of  Essen  has  taken  the  lead  of  all  steel  makers  in  this  country. 
He  has  met  the  difficulty  of  toughening  large  masses  of  cast  steel  by 
using  hammers  of  extraordinary  weight;  and  I  believe  that  equal 
success  will  never  be  attained  in  England  without  adopting  similar 
measures. 

It  will  be  a  great  era  in  metallurgy  when  a  material  possessing  the 
toughness  and  ductility  of  wrought  iron  combined  with  the  homogeneous 
character  of  a  cast  metal  can  be  economically  supplied  in  large  blocks. 
But  whatever  the  march  of  improvement  may  effect,  I  doubt  whether 
such  blocks  can  yet  be  produced  at  a  cost  which  would  admit  of  their 
extensive  application.  I  am  glad  however  to  see  that  papers  are  to  be 
read  at  this  meeting  which  may  be  expected  to  bear  upon  this  important 
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niljeet;  and  amongst  the  namefl  appended  to  those  papers  we  are 
fortosite  in  baring  that  of  Bessemer,  whose  exertions  in  this  field  of 
eaqmry  hare  attracted  bo  mnch  attention. 

The  preceding  observations  on  the  application  of  iron  to  the 
eoQStnidion  of  artillery  would  not  be  complete  without  some  allusion 
to  ihe  s|stem  of  manufacture  which  I  haye  myself  adopted,  which  may 
be  desLgnated  the  ^*  coil  system."  When  malleable  iron  is  rolled  into 
bin,it8  crystallisation  assumes  a  fibrous  form,  causing  the  bar  to 
leeeBible  a  bundle  of  threads,  strongly  adhering  to  each  other,  but 
posKssing  ilieir  diief  tenacity  in  the  direction  of  their  length.  The 
cooipressing  power  of  the  rolls  is  also  such  as  generally  to  eliminate 
sll  imperfect  welds,  or  if  any  remain  they  are  drawn  out  parallel  with 
the  fibre  of  the  iron.  To  realise  in  a  cylinder  the  advantage  of  this 
fifanraa  stmctore,  it  becomes  necessary  to  coil  the  bar  into  a  spiral, 
ad  to  unite  the  folds  by  welding.  The  lines  of  welding  will  then  be 
■early  transverse  to  the  cylinder,  in  which  direction  they  have  little 
tendency  to  weaken  it  when  exposed  to  a  bursting  force,  even  should 
they  not  be  perfectly  sound.  There  is  a  limit  to  the  thickness  of  bar 
which  it  is  convenient  to  bend  into  a  spiral ;  and  in  making  a  gun  on 
Uus  ^tem  the  required  diameter  is  made  up  by  applying  successive 
layers  of  coils,  each  layer  being  shrunk  upon  the  one  beneath.  This 
node  of  construction  has  the  advantage  of  affording  the  opportunity 
of  fiaeovering  and  rejecting  all  defective  parts  as  the  work  proceeds  ; 
■ad  gmu  may  be  thus  built  up  to  almost  any  size  without  encountering 
ttiy  of  those  difficulties  and  liabiUtiee  which  are  met  with  in  forging 
large  Uocks  whether  of  steel  or  iron. 

With  regard  to  the  great  question  as  to  the  ultimate  effect  of 
artillery  against  ships  protected  by  defensive  armour,  I  believe  that 
whalerer  thickness  of  iron  may  be  adopted  guns  will  be  constructed 
c^Mible  of  destroying  it.  At  the  same  time  I  am  of  opinion  that  iron- 
plated  ships  will  be  infinitely  more  secure  against  artillery  than  timber 
The  former  will  effectually  resist  every  species  of  explosive  or 
projectile,  as  well  as  solid  shot  from  all  but  the  heaviest 
gona,  winch  can  never  be  used  in  large  numbers  against  them.  In 
tihori  it  appears  to  me  to  be  a  question  between  plated  ships  or  none 
at  allf  at  any  rate  so  far  as  line-of-battle  ships  are  concerned. 

s 
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With  respect  to  the  qoalitj  of  the  material  best  adapted  to  resist 
the  impact  of  shot,  this  subject  is  engaging  much  attention  in  the  town 
of  Sheffield  and  the  iron  districts  generally.     So  far  as  my  own 
observation  and  experience  go  I  may  say  that  hardness  and  lamination 
are  the  conditions  most  essential  to  avoid.     In  striking  a  plate  the 
tendency  of  a  shot  is  to  fracture  rather  than  to  pierce  the  material. 
When  penetration  is  effected  the  hole  is  of  a  broken  character,  and  not 
such  as  would  be  made  by  the  cutting  action  of  a  punch.     The  softer 
the  iron  therefore  the  less  injury  it  will  sustain ;  and  I  apprehend  that 
steel  in  every  form  will  from  its  great  hardness  be  found  less  effective 
than  wrought  iron,  while  its  cost  would  be  very  much  greater.     As 
regards  lamination  it  has  been  clearly  ascertained  that  a  given  thickness 
of  iron  made  up  of  successive  layers  of  thin  plates  is  very  much 
weaker  for  the  purpose  of  armour  than  the  same  thickness  in  the  solid 
form.     But  a  laminated  plate,  by  which  I  mean  a  plate  having  the 
layers  composing  it  imperfectly  united, .  must  be  regarded  as  an 
aggregation  of  separate  plates,   so  that  the  strength  derived  from 
continuity  is  wanting.    If  this  tendency  to  lamination  could  be  obviated, 
rolled  plates  would  in  my  opinion  be  preferable  to  forged,  since  the 
iron  would  acquire  a  more  fibrous  condition  ;  but  the  existence  of  this- 
liability  appears  to  turn  the  scale  in  favour  of  forging.     I  hope  the 
time  is  far  distant  when  these  great  questions  concerning  attack  and 
defence  may  receive  a  practical  elucidation  in  actual  warfare ;  but  I 
trust  that  in  the  course  of  our  efforts  to  solve  them,  discoveries  may 
be  made' which  will  be  as  useful  for  the  purposes  of  peace  as  l^or  those 
of  war. 

Before  concluding,  I  am  tempted  to  advert  to  a  subject  intimately 
connected  with  mechanical  progress,  but  upon  which  much  difference 
of  opinion  may  exist.  That  dauntless  spirit,  which  in  matters  of 
commerce  has  led  this  country  to  cast  off  the  trammels  of  protection, 
has  resulted  in  augmented  prosperity  to  the  nation,  showing*  the 
injurious  tendencies  of  class  legislation  when  opposed  to  general 
freedom  of  action.  Would  that  the  same  bold  and  enlightened  policy 
were  extended  in  some  degree  at  least  to  matters  of  invention.  Under 
our  present  patent  laws  we  are  borne  down  with  an  excess  of  protection. 


prbsidbnt's  address.  119 

We  are  obstrocted  in  eTery  direction  by  patented  inventions  which  will 

never  he  reduced  to  practice  by  those  who  hold  them,  hot  which 

embnoe  ideas  capable  of  nsefiil  application  if  freed  from  monopoly. 

Tbie  merit  of  invention  seldom  lies  in  the  fundamental  conception,  but 

is  to  be  foond  in  the  subsequent  elaboration,  and  in  the  successful 

itnggle  with  difficnlties  unknown  to  the  mere  theorist;  which  often 

nqmre  years  of  labour,  blended  with  disappointment,  for  their  removal. 

KodiiBg  can  be  more  irrational   therefore   than   to   accord   equal 

jnril^ges  to  tlie  mere  schemer  and  the  man  who  gives  actual  effect  to 

m  invention.     Primary  ideas  ought  to  be  the  conmion  property  of  all 

inventors;   and  protection,  if  we  are  to  have  it  at  all,  should  be 

^Mzingly  awarded  to  those  persons  alone  who  by  their  labour  and 

inteHeet  give  available  reality  to  such  ideas. 

Apart  firom  the  impolicy  of  the  present  indiscriminate  system,  its 

operation  is  unjust.     Philosophers  who  furnish  the  light  of  science  to 

guide  to  useful  discovery  go  altogether  unrewarded  and  unrecognised. 

Pnctical  men,  who  like  Watt  and  G^rge  Stephenson  devote  the  best 

part  of  their  lives  to  perfecting  inventions  of  immense  importance  to 

Ae  world,  seldom  derive  from  patents  any  greater  emolument  than 

would  flow  to  them  without  the  aid  of  a  restrictive  system  ;  while  they 

are  frequently  involved  in  tormenting  litigation  about  priority  of  idea. 

Oa  the  other  hand  we  see  numerous  cases  of  disproportionate  wealth 

naliied  by  persons  whose  only  merit  has  been  promptitude  in  seizing 

and  monopolisiDg  some  expedient  which  lay  upon  the   very 

of  things  and  required  no  forcing  atmosphere  of  protection  for 

its  diaeovery.     Finally,  injustice  is  done  by  the  existing  law  to  those 

men  idio  have  no  desire  for  monopoly,  but  who  are  compelled  to 

tmxMiie  patentees  for  no  other  purpose  than  to  prevent  their  being 

ttdaded  from  carrying  their  own  ideas  into  practice. 

For  my  part  I  incline  to  think  that  the  prestige  of  successful 
isvention  would  as  a  rule  bring  with  it  sufficient  reward,  and  that 
protection  might  be  entirely  dispensed  with.  On  this  point  however  I 
^peak  with  hesitation ;  but  it  is  at  all  events  certain  that  extensive 
i^efbna  is  urgently  required  in  this  branch  of  legislature,  and  that  the 
adranoe  of  practical  science  is  now  grievously  obstructed  by  those  very 
Iswi  which  were  intended  to  encourage  its  progress. 
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Having  now  called  to  yoor  remembrance  the  trimnpha  wbich  hare 
already  been  acoomplished  in  mechanical  science,  and  haying  directed 
joor  attention  to  some  of  the  subjects  which  at  tlie  present  time  ment 
your  consideration,  it  only  remains  to  express  my  hope  that  the  gemns, 
enterprise,  and  intelligence,  which  have  hitherto  distingoished  your 
profession  may  continue  to  bear  fruits  worthy  of  the  past ;  and  that 
the  proceedings  of  this  Institution  may  serve  to  guide  and  stimulate 
the  efforts  of  its  members. 


Mr.  J.  Fbnton  moved  a  vote  of  thanks  to  the  President  for  his 
address,  which  was  passed. 


The  following  paper  was  then  read : — 
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ON   THE    MANUPACTXJBE   OF    STEEL   RAILS 
AND  ARMOUR   PLATES. 


By  Mb.  JOHN  BBOWN,  of  Sheffield. 


SiBd  Bails. — One  of  the  most  important  items  in  the  cost  of 
nflway  maintenaBoe  is  the  renewal  of  Rails,  and  it  is  therefore 
wtonl  that  mnbh  attention  shoald  have  been  paid  to  the  varioms 
vcdiods  proposed  for  giving  greater  dnrability  to  the  rail.  It  is 
iBiieoessaiy  to  enter  into  any  statement  of  faets  as  to  the  short  time 
te  ordinaiy  rails  last  when  exposed  to  the  wear  of  main  lines : 
aperienoe  has  shown  the  want  of  some  means  by  which  their 
^Bziiion  ooold  be  prolonged,  and  in  the  mannfactore  of  rails  it  is 
inr  ahrays  expected  that  ike  qnalily  of  the  material  and  ike 
■cAod  ai  ipSSang  shall  be  distinctly  stated  before  any  large  amonnt 
of  work  is  imdertakeB. 

lib  ordinary  material  or  method  of  piHng  or  making  the 
UM  rail  wiQ  however  resist  the  crashing  action  of  modem 
IviMoliveSy  and  extraordinary  means  have  been  sought  to  accomplish 
th  much  desired  object  Amongst  the  most  important  of  the 
■ctbodi  Utlierto  nsed  for  this  purpose  is  that  of  forming  the  wearing 
nr&ee  of  the  rail  entirely  of  steel,  by  introducing  a  bar  of  steel  into 
fc  pile  and  rolHng  it  out  so  as  to  unite  it  with  the  iron  body  of  the 
^.  Another  method  is  to  submit  the  surface  of  the  ordinary  iron 
nQ  to  a  process  of  conversion  in  a  furnace  specially  adapted,  thereby 
caKkardening  the  outer  coat  or  skin  of  the  wearing  portion  of  the* 
nil.  Both  of  these  processes  have  many  advocates,  and  to  a  certain 
ezteat  they  fulfil  their  object;  still  they  are  open  to  the  serious 
ot^cdkm  that  only  the  crust  or  skin  of  the  rail  is  rendered  hard,  and 
^  do  not  prevent  the  body  of  the  rail  from  yielding  to  the  severe 
pTeisore  of  the  wheels ;  lamination  and  splitting  are  only  to  a  small 
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extent  diminished,  and  though  the  life  of  the  rail  is  prolonged,  the 
prolongation  is  uncertain.  The  same  objections  apply  to  the  puddled 
steel  rail,  and  it  is  also  liable  to  vary  considerably  in  its  hardness  and 
to  be  at  times  too  brittle  for  perfect  safety.  This  liability  to  vary  in 
quality  is  inseparable  from  the  mode  of  manufiEMstnre  as  at  present 
practised  ;  and  though  many  yery  good  rails  of  this  kind  have  been 
produced,  the  want  of  certainty  in  the  manu£BMsturing  process 
seriously  diminishes  its  value. 

The  introduction  however  of  Bessemer's  system  has  opened  out  a 
mode  of  producing  a  pure  homogeneous  hard  and  tough  material,  most 
admirably  suited  for  the  manufacture  of  rails  ;  and  though  their  cost 
may  for  a  time  prevent  their  being  extensively  used,  there  is  no  doubt 
that  on  every  railway  there  are  certain  places  where  they  would  be 
laid  with  economy,  where  the  trafiSc  is  so  constantly  severe  that 
ordinary  points  and  crossings  have  to  be  renewed  on  an  average  four 
times  a  year.  Once  laid  of  cast  steel  rails,  they  would  give  no 
trouble  for  many  years. 

In  the  Bessemer  process  the  pig  metal  is  reduced  in  a  reverberatoiy 
furnace, .  and  is  then  run  by  a  trough  into  the  blowing  or  converting 
vessel,  in  which  air  is  forced  through  the  fluid  metal  for  about 
20  minutes,  or  until  the  fluid  pig  is  almost  entirely  decarbonised.  A 
small  quantity  of  melted  pig  containing  a  known  proportion  of  carbon 
is  then  added,  and  the  charge  of  converted  metal  is  then  transferred  to 
a  ladle  from  which  it  is  poured  into  ingot  moulds,  not  however  by  the 
usual  mode  of  canting  the  ladle,  but  by  opening  a  valve  in  the  bottom 
of  the  ladle,  which  allows  only  the  pure  metal  to  run  out  into  the 
moulds.  The  ingots  are  cast  of  such  weight  and  form  as  are 
necessary  for  the  production  of  each  rail.  Thus  for  a  6  yard  rail 
of  84  lbs.  per  yard,  the  ingot  requires  to  be  9  inches  square  and 
26  inches  long.  This  ingot  is  hammered  down  to  6  inches  square 
and  5  feet  long,  and  then  rolled  in  the  ordinary  way.  It  will  be 
evident  that  the  only  limit  to  the  length  of  the  rail  made  in  this 
simple  manner  is  either  the  weight  of  the  ingot  which  can  be  produced 
or  the  length  of  the  rolling  mill  or  heating  furnace.  It  is  as  easy  to 
produce  long  lengths  as  short,  ones ;  and  in  this  respect  the  above 
method  has  some  advantage  over  pilings 
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There  is  no  tendency  to  lamination  in  this  perfectly  homogeneous 
miterial,  and  its  toaghness  and  ductility  are  remarkably  shown  by  the 
spedmens  exhibited,  all  of  'which  have  been  twisted  and  bent  while 
cold.    Its  tensile  strength  is  upwards  of  40  tons  per  square  inch. 

Cast  steel  rails  are  not  an  entire  noyelty ;  for  sereral  years  ago  a 
few  were  made  at  Ebbw  Yale  and  were  laid  at  the  bridge  at  the  north 
end  of  the  Derby  station,  and  there  they  are  at  the  present  time 
perfectly  sound  and  good,  whilst  the  neighbouring  iron  rails  hare  been 
miny  times  worn  out  and  replaced.  But  these  rails  were  made  at  a 
great  expense  from  ingots  cast  in  the  old  or  usual  method,  and  the 
imperfect  appliances  then  existing  made  it  impossible  to  introduce 
them  commercially.  Still  the  experiment  at  Ebbw  Vale  has  clearly 
proved  the  far  greater  power  of  resisting  wear  and  tear  possessed 
by  the  steel  rails ;  and  now  the  method  of  producing  ingots  by  the 
Bessemer  process  enables  rails  to  be  produced  which  bid  fair  to  become 
in  troth  a  really  ''permanent  way." 

Amour  Plates. — In  the  further  portion  of  the  present  paper,  on 
the  Bianufactnre  of  Armour  Plates,  the  writer's  principal  object  is  to 
^t  discussion  upon  this  important  subject ;  and  as  but  a  yery  short 
time  has  elapsed  since  the  rival  powers  of  the  penetration  of  shot  and 
the  resistance  of  plates  have  been  so  seriously  and  energetically  tested, 
it  is  necessary  to  speak  with  diffidence  upon  a  matter  which  on  all  hands 
is  sQowed  to  be  as  yet  imperfectly  determined.  No  limit  has  yet  been 
ttBgned  to  the  magnitude  of  future  artillery,  nor  has  any  degree 
of  impenetrability  of  iron  plates  been  declared  unattainable.  The 
naimfaGtarer's  business  is  simply  to  make  the  best  and  strongest  armour 
which  at  the  present  time  is  wanted,  and  leave  future  possible  require- 
nentsto  be  dealt  with  when  the  benefits  of  experience  have  been  obtained. 
It  does  not  come  within  the  province  of  this  paper  to  discuss  the  several 
questions  involved  in  determining  the  best  form  of  vessel  to  carry  the 
▼dgfat  of  armour,  nor  to  settle  the  resisting  power  of  iron  as  compared 
with  wood.  The  iron-maker's  problem  is  how  to  produce  the  largest 
plate  of  iron  of  the  maximum  degree  of  toughness. 

Two  methods  of  producing  large  masses  of  wrought  iron  have  been 
in  use :  the  first  by  the  process  of  building  up  under  the  steam  hammer, 
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and  the  second  by  bnilding  np  nnder  the  rolls.  Under  the  steam 
hammer,  the  plate  is  produced  by  welding  together  Imnps  or  masses 
of  scrap  iron,  each  mass  of  scrap  being  added  and  welded  to  the  end 
of  the  plate,  nntil  it  reaches  the  required  length.  Plates  made  in  this 
way  have  been  serionsly  objected  to  on  acconnt  of  their  brittleness ; 
and  it  is  reasonable  to  suppose  that  this  mode  of  mannfActore  is 
somewhat  likely  to  induce  brittleness.  There  can  hardly  be  any 
continuity  of  fibre  in  a  plate  forged  from  masses  of  scrap  iron,  perhaps 
of  different  qualities,  each  at  different  heats ;  the  nature  of  the  weld 
and  its  form,  and  the  repeated  cooling  and  re-heating  of  the  plate,  are 
also  adverse  to  its  possessing  great  toughness.  The  rolled  plates  have 
been  found  more  uniform  in  quality  and  of  greater  toughness  than  the 
hammered;  and  though  the  difficulties  in  their  manufacture  are  grave, 
there  is  no  departure  from  the  ordinary  practice  followed  in  making 
large  plates  for  other  purposes.  The  difficulties  which  do  exist  are 
chiefly  due  to  the  immense  weight  and  size  and  the  intolerable  heat  of 
the  mass,  which  must  be  dealt  with  while  at  a  welding  temperature. 

The  general  sisse  of  the  armour  plates  required  for  the  plated 
frigates  is  from  15  to  18  feet  long,  from  2  feet  6  inches  to  8  feet  10 
inches  wide,  and  4J  inches  thick.  The  weight  therefore  of  the  finished 
plate  ranges  from  60  to  110  cwts.;  and  in  the  unfinished  state  it  comes 
from  the  roUs  at  80  to  140  cwts.  From  3  to  4  inches  is  cut  off  the 
sides,  and  10  or  12  inches  from  each  end ;  and  in  this  item  of  waste 
the  hammering  process  has  an  advantage  over  the  rolling. 

The  mode  of  manufacture  of  a  5  ton  plate  is  as  follows.  Bars  of 
iron  are  rolled  12  inches  broad  by  1  inch  thick,  and  are  sheared  to 
SO  inches  long.  Five  of  these  bars  are  piled  and  rolled  down  to  a 
rough  slab.  Five  other  bars  are  rolled  down  to  another  rough  slab, 
and  these  two  slabs  are  then  welded  and  rolled  down  to  a  plate  of 
14  inch  thick,  which  is  sheared  to  4  feet  square.  Four  plates  like  this 
are  then  piled  and  rolled  down  to  one  plate  of  8  feet  by  4  feet  and 
2^  inches  thick ;  and  lastly,  four  of  these  are  piled  and  rolled  to  form  the 
final  entire  plate.  There  are  thus  welded  up  together  160  ihu^esses 
of  plate,  each  of  which  was  originally  1  inch  thick,  to  form  tiie  finiahed 
4J  inches,  making  a  reduction  of  35  times  in  thickness ;  and  in  this 
operation  from  3500  to  4000  square  feet  of  surface  have  to  be 
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p^ecfly  welded  by  the  process  of  rolling.     It  is  not  sarprising  that 

eyenwitli  the  greateet  oare  blisters  and  imperfect  welds  slionld  exist 

ttd  render  ih&  plate  def ectiye ;  this  is  the  chief  difficulty  to  be  over- 

comfi,  and  a  very  serious  one  it  is  ;  and  as  the  magnitude  and  weight 

q{^  plate  increaae  so  does  also  the  liability  to  failure. 

The  final  operation  of  welding  the  four  plates  of  8  feet  by  4  feet  by 
^  indies  is  a  very  critical  matter.  To  bring  a  pile  of  four  plates  of 
tiboe  dimennonB  up  to  a  perfect  welding  heat  all  through  the  mass, 
liihoat  burning  the  edges  and  ends  of  the  plates  most  exposed  to  the 
fo;  to  drag  this  pile  out  of  the  fdmace,  conyey  it  to  the  rolls,  and 
force  it  between  them,  in  so  short  a  time  as  to  ayoid  its  losing  the 
wdding  heat,  is  a  matter  of  greater  difficulty  than  those  unacquainted 
wiUi  the  work  would  imagine.  The  intensity  of  the  heat  thrown  off  is 
almosi  unendurable,  and  the  loss  of  a  few  moments  in  the  conyeyanoe 
ol  the  pile  from  the  furnace  to  the  rolls  is  fatal  to  the  success  of  the 


figs.  1,  2,  and  3,  Plates  27,  28,  and  29,  show  the  arrangement 
of  the  annour  plate  mill  at  the  writer's  works.  Fig.  1,  Plate  27,  is 
a  general  plan  of  that  portion  of  the  works  :  Fig.  2,  Plate  28,  is  an 
eaiajged  plan  of  the  beating  furnace  and  rolls :  and  Fig.  3,  Plate  29, 
aa  dsfation  of  the  furnace  and  rolls. 

The  pile  of  four  plates  A,  Figs.  2  and  3,  Plates  28  and  29, 
vkkh  mdted  form  the  finished  plate,  is  heated  in  a  special  furnace  B, 
•■d  is  drawn  out  by  a  liberating  chain  attached  to  the  roll  on  to  an 
ixvn  emiage  G  which  conyeys  the  pile  to  the  rolls  D.  The  carriage  C 
Inveli  D^n  a  line  of  rails  let  into  the  ground ;  and  close  in  front 
of  the  roll  frame  is  a  small  incline  E  upon  the  railway,  which  lifts  up 
&e  front  of  the  Carriage  at  the  moment  of  its  arriyal  at  the  rolls,  and 
caaUesit  to  deliver  the  pile  upon  the  fore-plate.  As  the  plate  passes 
feoi^  the  roUs  it  is  receiyed  on  the  other  side  upon  a  roller  frame  F, 
viach  is  set  at  a  considerable  inclination  towards  the  rolls,  so  that  the 
tesdoiey  of  the  plate  is  to  return.  The  rolls  are  then  reversed ;  and  the 
plate  which  was  pressing  against  them  passes  back  through,  and  is 
neored  upon  the  carriage  C  ;  and  again  the  operation  is  repeated  until 
the  10  inefaes  thickness  is  reduced  to  4}  inches. 

T 
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The  plate  is  then  lifted  off  the  carriage  C  by  the  crane  G,  and 
deposited  npon  a  massive  cast  iron  straightening  bed  H^  and  an  iron 
cylinder  I  weighing  9  tons  is  rolled  orer  it  to  and  fro,  being  pinched 
along  by  hand  levers,  until  the  cnrvatare  which  the  plate  has  acquired 
in  the  rolling  is  entirely  removed.  As  soon  as  the  plate  is  sufficiently 
cool,  it  is  lifted  off  the  straightening  bed  H  by  another  crane  K,  Fig.  1, 
Plate  27,  and  laid  npon  the  planing  machine  L,  where  the  final 
operation  of  planing  its  sides  and  ends  is  completed. 


Mr.  Brown  exhibited  specimens  of  the  steel  rails,  fractored  to 
show  the  quality  of  the  metal ;  and  pieces  of  the  rails  that  had  been 
bent  double  while  cold  without  fracture :  also  a  piece  of  75  lbs.  double 
headed  rail  which  had  been  drawn  down  hot  into  a  bar  1  inch  square 
and  then  twisted  cold  without  showing  any  tendency  to  cracking 
or  splitting. 

The  Chairman  enquired  where  the  steel  rails  were  laid,  and  how 
long  they  had  been  down,  and  what  appeared  to  be  their  durability. 

Mr.  Brown  said  there  were  not  many  rails  laid  down  at  present  in 
this  country,  and  they  had  been  used  hitherto  mainly  on  the  continent; 
the  longest  had  been  down  about  six  or  seven  months  at  the  new 
Pimlico  Railway  Station  in  London,  and  had  proved  very  satisfactory  : 
they  were  answering  admirably,  and  were  in  as  good  condition  now  as 
when  laid  down  ;  and  a  set  of  steel  points  and  crossings  had  also  been 
in  constant  use  for  seven  months  at  the  same  station.  There  were  also 
some  of  the  steel  rails  more  recently  laid  on  the  Oaledonian,  Lancashire 
and  Yorkshire,  London  and  North  Western,  and  Rhymney  Railways, 
but  these  had  not  yet  been  down  long  enough  to  afford  any  resolts  as 
to  their  durability. 

The  Chairhan  asked  whether  there  had  been  any  fractures  of  the 
rails  in  working,  and  what  was  the  cost  of  them. 
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Ur.  B&owK  replied  there  had  not  been  any  fractures  in  working, 

ind  ^  rails  showed  not  the  least  brittleness  bat  were  much  tougher 

thiD  wrought  iron  rails.    The  fractured  rails  exhibited  were  purposely 

broken  at  the  time  of  rolling  to  show  the  quality  of  metal ;  and  its 

gnat  toughness  was  proved  by  the  bent  and  twisted  rails  exhibited, 

vludi  were  all  done  cold.     The  cost  of  the  rails  was  of  course  higher 

thtn  that  of  ordinary  rails,  and  was  an  objection  against  them  on  the 

Ei^lish  railways ;  but  continental  companies  were  willing  to  pay  the 

extra  first  cost  of  a  more  expensive  rail,  provided  it  would  wear  better 

than  the  ordinary  rails,  and  he  believed  the  steel  rails  would  wear  out 

at  least  five  ordinary  rails  ;  but  none  of  the  steel  rails  had  been  used 

up  yet,  and  their  durability  could  therefore  only  be  estimated  from 

thdr  comparative  appearance  after  a  short  time  of  wear.    The  price  of 

the  ndls  was  £18   lOs.  per  ton  in  England,  and  £5  or  £6  more  on 

the  contiDent. 

Mr.  Saiipsoii  Llotd  enquired  whether  the  steel  for  the  rails  was 
made  by  the  Bessemer  process. 

Mr.  BaowK  replied  that  it  was  all  Bessemer  steel,  and  this  process 
gave  a  great  advantage  in  entirely  getting  over  the  difficulty  and  cost 
of  producing  such  large  masses  of  cast  steel  by  the  ordinary  method. 

Col.  Kennedy  enquired  what  reduction  of  weight  it  was  considered 
codd  be  safely  made  in  the  rails  by  the  use  of  steel  instead  of  the 
wdinary  wrought  iron  rails. 

Mr.  Bbowk  said  the  weight  was  reduced  about  one  third  as 
Mopared  with  ordinary  wrought  iron  rails.  The  75  lbs.  double 
Wded  steel  rails  had  been  tested  up  to  80  tons  in  the  centre  with 
3  6et  length  between  the  bearings,  and  the  deflection  was  2|  or 
3  inches  without  showing  any  signs  of  cracking. 

Mr.  J.  Fenton  asked  how  the  80  tons  load  was  applied,  whether 
by  hydraulic  pressure  or  by  dead  weights,  and  how  it  was  measured ; 
wilh  hydraulic  pressure  it  was  sometimes  difficult  to  ascertain  the 
fnssure  correctly  in  measuring  by  safety  valves.  He  enquired  also 
whether  the  ends  of  the  rails  were  fixed  in  the  bearings  during  testing. 
Mr.  Bbowk  said  the  load  was  applied  by  hydraulic  pressure  and 
aieasiured  by  two  safety  valves,  the  valve  of  the  press,  and  a  separate 
valve  <m  Mr.  Naylor*8  plan  fixed  on  purposely  for  the  experiment,  to 
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prevent  any  risk  of  mistake.  The  rails  were  simply  supported  on  the 
bearings  in  testing,  with  the  ends  left  free. 

Col.  Kennedy  asked  whether  there  was  any  buckling  of  the  rail 
under  the  test  load. 

Mr.  Bbown  said  the  rails  did  not  buckle  in  the  least,  and  the 
snrface  showed  no  signs  of  cracking  with  so  heavy  a  test. 

Mr.  B.  FoTHEROiLL  enqoired  whether  any  change  in  the  crystal- 
lisation of  the  steel  rails  took  place  after  they  had  been  in  use  for  some 
time. 

Mr.  Brown  replied  that  the  rails  laid  in  Pimlico  Station  had  been 
well  tested  by  exposure  to  severe  work  for  six  or  seven  months, 
and  were  as  good  as  when  laid,  without  any  change  being  perceived. 

Mr.  B.  Williams  asked  whether  there  was  any  difficulty  in 
welding  the  steel  rails. 

Mr.  Brown  had  not  tried  welding  them,  as  each  rail  was  rolled 
down  to  the  required  length  from  a  single  ingot  of  Bessemer  steel  of 
the  proper  size  for  making  the  entire  rail. 

The  Ohairhan  enquired  in  reference  to  the  manufiBctare  of  tiie 
armour  plates  what  was  the  quantity  of  work  that  could  be  done 
in  rolling  the  plates,  and  how  many  were  produced  per  day  in  reguhur 
work. 

Mr.  Brown  replied  that  in  ordinary  work  with  the  one  mill  now  in 
operation  3  plates  were  turned  out  per  day  of  12  hours,  weighing 
5  or  6  tons  each ;  if  working  all  the  24  hours,  5  or  perhaps  6  plates 
per  day  might  be  made,  but  this  would  require  a  second  furnace  for 
heating  the  plates,  to  allow  of  stopping  and  cleaning  one  furnace 
without  delaying  the  work. 

Mr.  A.  B.  OooHRANB  asked  whether  the  3  plates  per  day  were 
turned  out  with  one  furnace. 

Mr.  Brown  sud  that  number  of  plates  was  made  with  only  the  one 
furnace ;  but  at  present  they  lost  two  or  three  days  in  every  fortnight 
when  the  furnace  had  to  stand  for  repairs,  and  if  a  great  quantity 
of  plates  were  required  two  furnaces  would  be  used,  so  as  to  keep  the 
work  going  constantly. 

Mr.  B.  Williams  enquired  whether  the  piling  of  the  iron  was  the 
same  for  the  armour  plates  as  for  rolling  ordinary  plates. 
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Mr.  Brown  replied  that  the  piling  was  just  the  same,  the  only 
ffleraooe  of  the  armotir  plates  from  ordinary  plates  being  in  the 
qufity  of  the  iron,  as  none  hut  the  best  description  of  scrap  was  used 
m  the  pile. 

Col.  Kkhnsdy  enquired  what  experiments  had  been  made  on  these 
umoor  plates  to  determine  their  power  of  resisting  shot. 

Mr.  Bbowb  replied  that  two  trials  of  the  plates  had  been  made 
MDe  time  previously,  but  they  were  not  satisfactory  to  the  admiralty 
or  ihemselTes ;  these  were  howeyer  their  first  attempts  in  rolling  the 
inooor  plates,  and  they  did  not  expect  to  succeed  at  once  without 
ficme  fulures.  He  showed  specimens  of  the  broken  portions  of  the 
plates,  from  whicli  it  was  seen  that  the  failure  arose  from  the  imperfect 
wdcBng  of  the  four  thicknesses  composing  the  armour  plate  in  the 
final  heat. 

Two  armour  plates  however,  subsequently  tried  at  Portsmouth 
in  the  last  fortnight,  had  proved  much  more  successful.  The  plates  were 
H  inches  thick,  backed  by  18  inches  thickness  of  teak,  and  were  fired  at 
vith  shot  68  lbs.  weight  from  a  95  cwts.  smooth  bore  gun  of  8  inches 
bore  with  16  lbs.  charge  of  powder  at  200  yards  range.  The  first  plate, 
akown  in  Fig.  4,  Plate  29,  was  7  feet  9  inches  long  by  3  feet  2  inches 
wide :  the  first  shot  hit  near  a  comer  of  the  plate,  at  a  place  where  the 
vdd  Wis  imperfect,  and  indented  the  iron  to  some  depth ;  the  second 
shot  also  hit  near  the  same  place  and  indented  the  plate ;  the  third  shot 
the  plate  in  the  centre  and  made  a  hole  right  through  the  iron, 
a  crack  ail  round  the  opening ;  the  fourth  shot  hit  near  the 
hattam  and  broke  the  lower  edge  of  the  plate  in ;  and  the  fifth  shot 
hi^peiied  to  go  through  the  hole  made  by  the  third.  The  second 
plate,  shown  in  Fig.  5,  Plate  29,  was  nearly  double  the  length  of 
tibe  first,  being  14  feet  long  by  3  feet  7  inches  wide :  the  first  shot 
iaidented  the  plate  3  inches  and  broke  out  the  iron  at  the  centre  of  the 
iade&tation;  the  second  shot  punched  right  through  and  broke  the 
batkiDg;  and  the  third  and  fourth  shots  each  broke  out  a  hole  of 
12  Indies  diameter  and  smashed  the  backing.  A  portion  broken  off 
^Joe  of  the  plates  was  exhibited,  which  showed  that  the  iron  was  much 
Btore  fifafous  than  in  the  plates  made  in  the  first  attempts;  and 
^  expected  still  more  favourable  results  would  be  obtained  if  the  iron 
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could  be  kept  in  a  thoroughly  fibrous  state,  so  as  to  have  a  soft  and 
tough  quality,  which  was  less  easy  to  fracture  than  a  hard  and  britUe 
metal. 

Two  of  the  armour  plates  were  now  in  the  hands  of  the  admiralty 
for  further  experiments ;  and  trials  had  just  been  made  at  Shoeburyness 
of  two  of  the  plates  5  inches  thick,  which  had  proved  altogether  most 
satisfactory  as  to  the  tenacity  and  toughness  of  the  plates.  The 
object  was  to  produce  armour  plates  capable  of  resisting  guns  of 
increased  power,  and  the  experiments  now  made  seemed  to  show  that 
this  might  be  effectually  accomplished  by  the  mode  of  manufacture 
that  had  been  described. 

The  Chairmak  observed  that  the  quality  of  the  plate  could  be 
better  judged  of  when  it  had  been  actually  pierced  in  the  experiments 
than  when  only  indented,  as  they  could  then  see  the  character  of  the 
hole  and  examine  minutely  the  completeness  of  welding  of  the  several 
thicknesses.  He  enquired  whether  the  Bessemer  steel  had  been  tried 
for  the  armour  plates. 

Mr.  Browit  had  not  yet  tried  it  for  the  annour  plates,  but 
expected  to  do  so  shortly,  when  he  had  a  hammer  heavy  enough  for 
working  it ;  he  intended  using  a  4  ton  Naylor's  steam  hammer,  with 
the  steam  admitted  above  the  top  of  the  piston  in  the  fall  to  increase 
the  force  of  blow. 

The  Chairman  remarked  that  he  felt  a  great  interest  in  the 
manufacture  of  the  armour  plates,  as  he  was  himself  engaged  on  the 
other  hand  in  endeavouring  to  increase  the  power  of  guns  so  as  to 
penetrate  the  strongest  plates  that  could  be  made.    As  regarded  the 
mode  of  manufacturing  the  plates,  he  had  seen  and  examined  those 
which  had  been  fractured  in  the  experiments,  and  his  own  observations 
at  present  were  unfavourable  to  rolling  the  several  thicknesses  together 
to  form  the  plates,  as  not  giving  pressure  enough  to  ensure  a  thorough 
welding  in  all  parts.     Moreover  the  extent  of  surface  to  be  welded, 
amounting  to  3000  or  4000  square  feet  in  the  entire  manufacture  of 
a  single  plate,  was  so  great  that  it  was  difficult  to  conceive  how  a 
perfect  weld  could  ever  be  obtained  throughout,  as  it  seemed  impossible 
to  ensure  an  entire  exclusion  of  dirt  from  between  the  plates,  and 
unless  they  were  kept  quite  clean  they  could  not  be  welded  into  a 
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angle  bomogeneonB  plate.     The  difference  in  resisting  power  was  very 

great  between  a  really  homogeneous  material  and  one  haying  any 

lumMiion  of  stracture  :  in  the  latter  case  all  portions  of  the  material 

^  not  take  their  share  of  the  strain  in  resisting  a  blow,  but  some 

^ere  more  severely  strained  than  the  rest,  causing  them  to  give  way 

wcmeT ;  and  a  series  of  thinner  plates  though  making  up  a  considerably 

greater  total  thickness  was  inferior  to  a  single  homogeneous  plate  in 

lesisting  power.     The  yery  best  plates  he  had  seen  at  present  were 

some  small  forged  plates  worked  under  a  hammer  at  Portsmouth 

dockyard;   these  were  thoroughly  sound  in  all  parts  and  free  from 

imparities.    What  was  wanted  for  the  annour  plates  was  a  perfectly 

homogeneous  material,  and  of  soft  texture  ;  if  they  could  be  made 

like  the  steel  rails  that  had  been  described,  from  a  single  mass  of 

th<»x>ughly  homogeneous  metal,  he  thought  there  might  be  a  good 

prospect  of  success.     Ordinary  cast  steel  howeyer  he  did  not  think 

would  be  so  suitable  as  good  wrought  iron,  on  account  of  not  being 

soft  enough ;  for  in  all  the  trials  he  had  made  of  cast  steel  for  yent 

of  breech-loading  guns  he  had  found  it  a  yery  unsatisfactory 

t,  as  it  had  no  power  of  endurance,  and  though  it  would  stand 

a  great  charge  at  first,  it  failed  after  continued  use ;  and  eyen  though 

tbe  firing  was  carried  on  with  smaller  charges  than  the  proof  charge, 

a  pomt  was  at  length  arriyed  at  when  fracture  took  place.     He  could 

luyt  tell  whether  this  tendency  to  fracture  arose  from  a  defect  in  the 

Bafcaial,  by  its  assuming  gradually  a  crystalline  character  under 

f^epeited  strains ;  or  whether  a  small  fracture  was  started  at  first  by 

^  highest  charge  and  then  went  on  gradually  increasing  at  each 

VQoeetsiye  trial  until  the  metal  gaye  way  entirely. 

For  forging  the  metal  of  the  armour  plates  under  the  hammer,  he 
considered  the  weight  of  the  hammer  was  of  the  greatest  importance ; 
aiftd  in  reference  to  the  use  of  a  4  ton  hammer  with  steam  aboye 
the  piston  to  increase  the  blow,  it  had  to  be  borne  in  mind  that 
the  steam  increased  only  the  y^locity  of  the  blow  without  adding  to  the 
i&asi  UHng,  whicli  was  not  the  result  required ;  he  feared  the  effect 
woold  be  that  the  force  of  the  blow  would  be  spent  on  the  surface  of 
the  material  and  would  not  go  through  to  the  centre  of  the  mass  like 
the  blow  of  a  heavier  weight  falling  with  a  proportionately  smaller 
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yelodiy.  This  appeared  to  him  a  very  important  consideration  in 
forging  large  masses,  however  effective  that  kind  of  steam  hammer 
midonbtedly  was  for  lighter  work. 

He  moved  a  vote  of  thanks  to  Mr.  Brown,  which  was  passed,  for 
the  interesting  and  valuable  information  given  in  his  paper. 


The  following  paper  was  then  read : — 
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ON  THE  MANUFACTURE  OP  CAST  STEEL 
AHD  ITS  APPLICATION  TO  CONSTRUCTIVE  PURPOSES. 


Bt  Bis.  HENBT  BESSKMEB,  OF  LONDON. 


The  mode  of  mannfacturing   Cast   Steel,   wliich  now  forms   so 

bnportant  a  branch  of  the  Sheffield  trade,  was  discoyered  in  the  year 

1740  bj  Mr.   Benjamin  Hantsman  of  Hands  worth  near  Sheffield; 

who  snbseqaently  established  steel  works  at  Attercliffe,  where  his 

mott  Talaable  inrention  has  ever  since  been  successfnlly  carried  on. 

In  its  earlj  stages  many  difficulties  had  doubtless  to  be  oyercome : 

materials  for  lining  the  furnaces  and  for  making  the  crucibles  had  to 

be  flOQght  for  and  tested ;  the  peculiar  marks  of  iron  most  suitable  for 

meifting  had  to  be  determined  on  by  numerous  experimental  trials ; 

Bad  sudi  was  the  difficulty  at  that  time  of  making  crucibles  which 

woold  stand  the  excessive  heat  of  melted  steel  that  for  a  long  period 

«iily  very  highly  carbonised  or  ** double  converted'*   steel,  which 

reqnired  the  lowest  temperature,  could  be  successfully  melted.     The 

fint  products  of  a  new  manufacture,  even  while  the  invention  still 

vemnis  in  a  partially  developed  state,  but  too  frequently  stamp  its 

snbse^ent  character.     Thus  Huntsman's  cast  steel,  although  it  was 

acknowledged  to  be  a  pure  homogeneous  metal  of  great  value  for 

certain  purposes,  was  still  looked  upon  as  a  hard  and  brittle  material 

of  very  limited  use,  not  bearing  a  high  temperature  without  falling 

to  pieees,  and  quite  incapable  of  being  welded :    even  within  the  last 

few  years  this  has  been  the  popular  idea  of  cast  steel.    Improvements 

ia  its  manufacture  have  however  from  time  to  time  been  introduced ; 

and  steel  of  a  milder  and  less  brittle  character  has  long  been  made, 

capable  of  welding  with  facility  and  working  at  a  high  temperature 

withoot  falling  to  pieces.     Its  uses  have  consequently  been  greatly 

eztmded,  and  the  employment  of  cast  steel  for  the  best  cutlery  and 

edge-tools  Has  now  become  universal ;  indeed  the  excellent  quality  of 

the  cast   steel   at  present  made  in  Sheffield  for  these  purposes  is 
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scarcely  to  be  surpassed.  Of  late  years  several  of  the  most  enter- 
prising manufacturers  haye  sought  to  introduce  cast  steel  for  a  variety 
of  other  purposes  besides  those  for  which  it  was  originally  employed, 
and  it  is  now  used  in  some  form  or  other  in  almost  every  first  class 
machine.  Its  employment  as  a  material  for  founding  bells  and 
various  other  articles  in  clay  moulds,  as  carried  out  by  Messrs.  Naylor 
and  Vickers,  and  the  introduction  of  a  valuable  material  by  Messrs. 
Howell  and  Shortridge,  under  the  name  of  homogeneous  metal,  are 
prominent  examples  of  the  successful  adaptation  of  cast  steel  to 
engineering  purposes. 

The  manufacture  of  cast  steel  by  Huntsman's  process  is  so 
extensively  practised  and  is  so  well  known  that  it  is  unnecessary 
to  do  more  than  recall  to  mind  that  crude  pig  iron  has  first  to  go 
through  all  the  stages  of  melting,  refining,  puddling,  hammering,  and 
rolling,  in  order  to  produce  a  bar  of  malleable  iron  as  nearly  pure  as 
the  most  careful  manipulation  in  charcoal  fires  can  make  it.  Bar  iron, 
on  which  so  much  labour,  fuel,  and  engine  power  have  been  expended, 
thus  becomes  the  raw  material  of  this  most  expensive  manufacture.  In 
order  to  convert  the  wrought  iron  bars  into  blister  steel,  they  are  packed 
with  powdered  charcoal  in  large  firebrick  chests,  and  are  exposed  to  a 
white  heat  for  several  days  ;  the  time  required  for  heating  and  cooling 
them  extending  over  a  period  of  15  to  20  days.  When  thus  con- 
verted into  blister  steel  they  are  broken  into  small  pieces  and  sorted 
according  to  the  quality  of  the  steel,  which  sometimes  differs  even  in 
the  same  bar.  For  melting  this  material  powerful  air  furnaces  are 
employed,  containing  two  crucibles,  into  each  of  which  are  put  about 
40  lbs.  of  the  broken  blistered  steel.  In  about  3  hours  the  pots  are 
removed  from  the  furnaces,  and  the  melted  steel  is  poured  into  iron 
moulds  and  formed  into  ingots  of  cast  steel,  from  d|  to  4  tons  of  hard 
coke  being  consumed  for  each  ton  of  metal  thus  melted.  When  large 
masses  of  steel  are  required,  a  great  many  crucibles  must  be  got 
ready  all  at  the  same  moment,  and  a  continuous  stream  of  the  melted 
metal  from  the  several  crucibles  must  be  kept  up  until  the  ingot  is 
completed,  since  any  cessation  of  the  pouring  would  entirely  spoil  it : 
hence  in  proportion  to  the  size  of  the  ingot  are  the  cost  and  risk  of  its 
production  increased.      The  ordinary   manufacture  of  cast  steel  is 
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therefore  obvioosly  condncted  at  a  great  disadvantage.  If  cast  steel 
IB  to  Bapersede  'wrought  iron  for  engineering  purposes,  it  will  be 
MCMMTy  to  oesse  employing  wrought  iron  as  a  raw  material  for  this 
otiwrwise  most  expensive  mode  of  manufactare. 

The  extremely  high  temperature  requisite  to  maintain  malleable 

inmin  a  state  of  fasion  has  from  the  earliest  period  of  the  history  of 

iiw  down  almost  to  the  present  day  rendered  its  purification  in  a  fluid 

state  practically  and  commercially  impossible.     Hence  arise  all  those 

imperfections  to  which  bar  iron  is  subject,  every  small  piece  consisting 

of  nmneroaB  granules  partially  separated  from  each  other  by  scoria, 

aad  ereiy  large  mass  being  produced  only  by  piling  together  small 

km,  with  the  inevitable  result  of  increasing  the  former  imper- 

faddoM ;  for  no  two  pieces  of  iron  can  be  brought  to  a  welding  heat 

wiAoat  becoming    coated  with  oxide,    and  when   this  coating    is 

fluid  by  welding  sand  a  fluid  silicate  of  the  oxide  of  iron  is 

covering  the  entire  surface  to  be  united.     The  heavy  blows  of 

tiie  Imnmer  or  the  pressure  of  the  rolls  may  and  do  extrude  the 

portion  of  this  fluid  extraneous  matter,  but  it  is  never  wholly 

red  from  between  the  welded  surfaces,  and  hence  a  portion  of  the 

force  of  the  metal  is  lost  at  every  such  junction.     When  a 

of  iron  is  nicked  on  one  side  and  bent,  the  rending  open  of  the 

fSe  blaariy  shows  this  want  of  perfect  cohesion.     Nor  is  this  the  only 

diftfldty  to  be  encountered ;  for  in  the  production  of  large  masses  of 

It  iron  it  is  necessary  to  raise  the  temperature  nearly  to  the 

point,  in  order  to  render  each  additional  piece  sufficiently  soft 

•ad  piastic  to  become  united  to  the  bloom  :  this  softening  of  the  iron 

a  molecnlar  change  in  the  structure  of  the  metal ;    its  natural 

to  ciystallise  is  so  powerfully  assisted  by  the  long  continuance 

of  the  high  temperature  that  its  whole  structure  undergoes  a  change  ; 

hrgt  and  well  d^ned  crystals  are  formed  almost  independent  of  each 

otter,  and  cohering  so  feebly  to  the  other  contiguous  crystals  as  in 

to  separate  with  as  little  force  as  would  overcome  the 

of  ordinary  cast  iron.     In  the  substitution  of  cast  steel  for 

iron,  both  these  sources  of  difficulty  are  escaped  :    for  the 

whether  of  1  ton  or  20  tons  weight  may  be  formed  in  a  fluid 

■tale  into  a  single  block,  wholly  free  from  admixture  of  scoria,  while 
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it  is  perf«ict1  J  aud  equally  coherent  at  eyery  part ;  and  the  forging  of 
such  a  solid  block  of  metal  into  shape  is  only  the  work  of  a  few  honrs, 
and  as  there  is  no  welding  of  separate  pieces  it  may  be  worked  under 
the  hammer  at  a  temperature  at  which  no  molecular  change  will  take 
place,  the  metal  being  far  below  its  fusing  point  and  much  too  solid 
to  undergo  that  destructive  crystallisation  so  common  in  laige  masses 
of  wrought  iron.  Thus  the  difficulties  and  uncertainty  attending  the 
production  of  all  large  masses  of  wrought  iron  are  wholly  avoided  in 
producing  equally  large  masses  of  cast  steel. 

But  however  desirable  in  the  abstract  it  may  be  to  employ  cast 
steel  as  a  substitute  for  malleable  iron  for  engineering  purposes,  it 
must  not  be  forgotten  that  there  are  several  important  conditions 
indispensable  to  its  general  use.  Firstly,  the  steel  must  be  able  to 
bear  a  good  white  heat  without  falling  to  pieces  under  the  hammer ; 
otherwise  the  process  of  shaping  it  will  not  only  be  expensive,  but 
the  partly  finished  forging  may  be  spoiled  at  any  moment  by  being 
overheated.  Secondly,  the  steel  should  be  of  such  a  tough  character 
as  to  admit  of  being  twisted  or  bent  into  almost  any  form  in  its  cold 
state  before  fracture  takes  place,  whether  the  force  be  applied  as  a 
gradual  strain  or  by  a  sudden  impact.  Thirdly,  it  should  have  a 
tensile  strength  at  least  50  per  cent,  greater  than  that  of  the  best 
marks  of  English  iron.  Fourthly,  it  must  especially  be  soft  enough 
to  turn  well  in  the  lathe,  to  bore  easily,  and  to  yield  readily  to  the  file 
and  chisel,  so  as  not  to  enhance  its  original  cost  by  the  difficulty  of 
working  it  into  the  requisite  forms.  The  last  is  both  commercially 
and  practically  an  important  condition,  and  one  which  will  in  future 
greatly  deteimine  the  extent  of  its  use.  Steel  to  the  engineer  has 
hitherto  stood  in  much  the  same  relation  as  granite  to  the  builder  : 
the  superior  hardness,  beauty  of  polish,  and  durability  of  granite  as 
compared  with  other  building  stone  are  universally  acknowledged, 
nature  has  provided  it  in  great  profusion,  and  it  has  only  to  be  lifted 
from  the  earth  and  made  use  of;  but  the  practical  man  has  found 
that  to  drill  a  hole  in  granite  for  blasting  takes  days  of  labour  to 
accomplish,  that  the  stone  blunts  all  the  chisels,  defies  the  saw,  and 
is  faced  only  at  a  great  cost ;  hence  the  builder  goes  on  using  an 
inferior  soft  stone  over  which  the  tools  have  perfect  command.     The 
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problem  to  be  solyed  therefore  is  how  to  produce  cast  steel  that 
win  take  mj  form  in  the  mould  or  under  the  hammer,  that  will 
jield  quickly  and  readily  to  all  the  present  cutting  and  shaping 
midlines,  and  will  retain  all  the  toughness  of  the  best  iron  with  a 
much  greater  tensile  strength,  and  all  the  clearness  of  surface,  beauty 
of  finish,  and  durability  that  so  eminently  distinguish  the  harder  and 
more  refractory  qualities  of  the  steel  in  common  use. 

Ibese  desirable  objects  are  belieyed  by  the  author  to  be  fully 
Koompfished  by  his  process  of  conyertiog  crude  pig  iron  into  cast 
iteel  at  a  single  operation,  forming  the  subject  of  the  present  paper. 
This  process  has  now  been  in  daily  operation  in  Sheffield  for  the  last 
tro  jears.  The  apparatus  by  which  it  is  effected  is  shown  in  Plates 
30  to  33,  which  represent  the  arrangement  at  Messrs.  John  Brown 
and  Co. '8,  Atlas  Steel  Works,  Sheffield  :  Fig.  1,  Plate  30,  is  a  side 
eleratioa,  and  Figs.  3  and  4,  Plate  31,  a  front  elevation  and  plan. 

Tbe  crude  pig  iron  chiefly  used  in  this  process  has  been  the 
hot-Uast  htematite  pig  smelted  with  coke,  which  is  melted  in  a 
isTO'bentoTy  furnace  adjoining,  and  is  then  run  into  the  converting 
Tesel  A,  Figs.  1  and  3,  Plates  30  and  31,  in  which  its  conversion 
into  steel  is  to  be  effected.  The  converting  vessel  is  shown  enlarged 
iaieclum  in  Fi^.  5,  Plate  32,  which  represents  its  position  in  filling, 
tbnttlted  pig  iron  being  run  into  it  by  the  spout  B  direct  from  the 
^ona».  It  is  made  of  stout  boiler  plate  and  lined  with  a  powdered 
BliooQs  atone  found  in  the  neighbourhood  of  Sheffield  below  the 
^tod  known  as  '^  ganister.'*  The  rapid  destruction  of  the  lining  of 
tlie  oonTerting  vessel  was  one  of  the  great  difficulties  met  with  in  the 
cvfy  stages  of  the  invention  :  the  excessive  temperature  generated  in 
^  vessel  together  with  the  solvent  action  of  the  fluid  slags  was  found 
to  dittc^e  the  best  firebrick  so  rapidly  that  sometimes  as  much  as 
2  inches  tludcness  would  be  lost  from  the  lining  of  the  vessel  during 
tike  30  ndnates  required  to  convert  a  single  charge  of  iron  into  steel. 
^  gaoister  now  used  however  is  not  only  much  cheaper  than  fire- 
^ncka,  ooaiing  only  about  11a.  per  ton  in  the  powdered  state,  but  it  is 
^  very  dun^le :  a  portion  of  the  lining  of  the  vessel  is  shown  which 
Itts  stood  96  consecutive  conversions  before  its  removal.  The  converting 
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vessel  A  k  motmted  on  bearings  which  rest  on  stont  iron  standards  CC| 
Figs.  3  and  4,  and  bj  mdans  of  the  gearing  and  handle  D  it  may 
be  turned  into  any  required  position.  There  is  an  opening  at  the  top 
for  filling  and  pouring  out  the  metal ;  and  at  the  bottom  of  the 
vessel  are  inserted  seven  fireclay  tuyeres,  Fig.  9,  Plate  83,  each 
having  seven  holes,  as  shown  enlarged  in  the  longitudinal  section  and 
plan.  Figs.  10  and  11.  The  blast  from  the  engine  is  conveyed 
through  one  of  the  bearings  E  of  the  vessel,  Fig.  3,  Plate  31,  into 
the  tuyere  box  F,  and  enters  the  tuyeres  at  a  pressure  of  about  14  lbs. 
per  square  inch,  which  is  more  than  sufficient  to  prevent  the  fluid 
metal  from  entering  the  tuyeres. 

Before  commencing  with  the  first  charge  of  metal,  the  interior  of 
the  converting  vessel  is  thoroughly  heated  by  coke,  with  a  blast 
through  the  tuyeres  to  urge  the  fire  ;    when  sufficiently  heated  it  is 
turned  upside  down  and  all  the  unbumt  coke  falls  out.     The  vessel 
is  then  turned  into  the  position  shown  in  Fig.  5,  Plate  32,  and  the 
melted  pig  iron  is  run  in  from  the  furnace  by  the  spout  B,  the  vessel  being 
kept  in  such  a  position  during  the  time  it  is  being  filled  that  the  holes  of 
the  tuyeres  are  above  the  surface  of  the  metal.    When  the  proper  charge 
of  iron  has  been  run  in,  the  blast  is  turned  on  and  the  vessel  quickly 
moved  up  into  the  position  shown  in  Fig.  6.     The  blast  now  rushes 
upwards  into  the  fluid  metal  from  each  of  the  49  holes  of  the  tuyeres, 
producing  a  most  violent  agitation  of  the  whole  mass.     The  silicium 
always  present  in  greater  or  less  quantities  in  pig  iron  is  first  attacked, 
and  unites  readily  with  the  oxygen  of  the  air,  producing  silicic  a<dd  : 
at  the  same  time  a  small  portion  of  the  iron  undergoes  oxidation,   and 
hence  a  fluid  silicate  of  the  oxide  of  iron  is  formed,  a  little  carbon 
being  simultaneously  burnt  off.     The  heat  is  thus  gradually  increased 
until  nearly  the  whole  of  the  silicium  is  oxidised,  which  generally  takes 
place  in  about  12  minutes  from  the  commencement  of  the  process.    Tlie 
carbon  of  the  pig  iron  now  begins  to  unite  more  freely  with  the  oxygen 
of  the  air,  producing  at  first  a  small  flame,  which  rapidly  increases, 
and  in  about  3  minutes  from  its  first  appearance  a  most  intense 
combustion  is  going  on :   the  metal  rises  higher  and  higher  in  the 
vessel,  sometimes  occupying  more  than  double  its  former  space,    and 
in  this  frothy  fluid  state  it  presents  an  enormous  surface  to  the  action 
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of  the  sir,  which  unites  rapidly  with  the  carbon  contained  in  the  crude 

inm  ind  prodaoes  a  most  intense  combustion,  the  whole  mass  being 

m  fact  a  perfect  mixtare  of  metal  and  fire.     The  carbon  is  now  burnt 

off  80  rapidly  as  to  pfToduce  a  series  of  harmless  explosions,  throwing 

out  the  fttdd  slag  in  great  quantities ;   while  the  combustion  of  the 

gues  is  so  perfect  that  a  voluminous  white  flame  rushes  from  the 

mraih  of  the  vessel,  illuminating  the  whole  building  and  indicating  to 

the  practised  eye  Hie  precise  condition  of  the  metal  inside.     The 

Mowing  may  thus  be  left  off  whenever  the  number  of  minutes  from  the 

commeiiccoBient  and  the  appearance  of  the  flame  indicate  the  required 

quality  of  metal.     This  is  the  mode  preferred  in  working  the  process 

in  Sweden.     But  at  the  works  in  Sheffield  it  is  preferred  to  continue 

Mowing  the  metal  beyond  this  stage,  until  the  flame  suddenly  drc^s, 

vhieh  it  does  just  on  the  approach  of  the  metal  to  the  condition  of 

malleable  iron :    a  small  measured  quantity  of  charcoal  pig  iron 

eontaining  a  known  proportion  of  carbon  is  then  added,  and  thus  steel 

18  pTodaeed  of  any  desired  degree  of  carburation,  the  process  having 

ooeopied  about  28  minutes  altogether  from  the  commencement.    The 

eottverting  vessel  is  tipped  forwards  and  the  blast  shut  off  for  adding 

this  small  charge  of  pig  iron,  after  which  the  blast  is  turned  on  again 

^  a  few  seconds. 

The  vessel  is  then  turned  into  the  position  shown  in  Fig.  7, 

^late  33,  and  the  fluid  steel  run  into  the  casting  ladle  G,  which  is 

onied  by  the  hydraulic  crane   H,  being  counterbalanced  by  the 

ve^t  I  on  the  opposite  end  of  the  jib.    When  all  the  metal  is  poured 

out  of  the  converting  vessel,  the  crane  is  raised  by  water  pressure  and 

rcnmdy  as  shown  in  Fig.  2,  Plate  80,  for  the  purpose  of 

the  steel  into  the  ingot  moulds  K.      Instead  of  tilting  the 

ladle  for  pouring  into  the  moulds,  it  is  made  with  a  hole  in 

the  bottom  fitted  with  a  fireclay  seating  L,  Fig.  8,  Plate  83,  and 

dosed  bj  a  conical  plug  of  fireclay  M,  forming  a  conical  valve.     The 

Tabe  rod  N  is  coated  with  loam  and  bent  over  at  the  top,  and  works 

a  guides  on  the  outside  of  the  ladle,  as  shown  in  Fig.  7,  with  a 

haufle  O  for  opening  and  closing  the  valve.    By  thus  tapping  the 

■Mlal  from  below,  no  scoria  or  other  floating  impurities  are  allowed 

to  roB  into  the  mould,  and  the  stream  of  fluid  steel  is  dropped  straight 
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down  the  centre  of  the  mould  right  to  the  bottom,  withoat  coimng  in 
contact  with  the  sides  of  the  monld.  The  moulds  are  made  of  a 
slightly  tapered  form,  as  shown  in  Fig.  8,  so  that  as  the  ingot 
contracts  in  cooling  it  liberates  itself  from  the  mould  completely  on 
all  sides ;  and  the  mould  is  removed  by  being  lifted  off  the  ingot 
when  sufficiently  set.  The  moulds  are  arranged  in  the  moulding  pit 
in  an  arc  of  the  circle  described  by  the  casting  ladle,  as  shown  in  the 
plan.  Fig.  4,  Plate  31. 

By  this  process  from  1  to  10  tons  of  crude  iron  may  be  converted 
into  cast  steel  in  30  minutes,  without  employing  any  fuel  except  that 
required  for  melting  the  pig  iron  and  for  the  preliminary  heating  of 
the  converting   vessel,   the  process  being  effected  entirely  without 
manipulation.       The  loss    on    the  weight    of   crude  iron  is   from 
14  to  18  per  cent,  with  English  iron  worked  in  small  quantities  ;  but 
the  result  of  working  with  a  purer  iron  in  Sweden  has  been  care- 
fully noted  for  two  consecutive  weeks,  and  the  loss  on  the  weight  of 
fluid  iron  tapped  from  the  blast  furnace  was  ascertained  to  be  only 
8|  per  cent.  The  largest  sized  apparatus  at  present  erected  is  that  in  use 
at  the  Atlas  Steel  Works,  Sheffield,  as  shown  in  the  drawings  already 
described,  the  converting  vessel  being  capable  of  converting  4  tons  at 
a  time,  which  it  converts  into  cast  steel  in  28  minutes.     In  conse- 
quence of  the  increased  size  of  the  converting  vessel  in  this  case  no 
metal  is  throYm  out  during  conversion  ;  and  the  loss  of  weight  has 
fallen  as  low  as  10  per  cent.,  including  the  loss  in  melting  tli<e  pig  iron 
in  the  reverberatory  furnace. 

Specimens  of  this  manufacture  as  carried  on  at  the  author's  works 
in  Sheffield  are  exhibited,  consisting  of  a  piece  of  the  pig  iron 
employed,  which  is  No.  1  hot-blast  hcematite  made  with  coke  ;  also 
a  portion  of  an  ingot  of  very  mild  cast  steel,  broken  under  the 
hammer  to  show  the  purity  and  soundness  of  ihe  metal  in  its  cast 
unhammered  state ;  and  an  ingot  partly  forged  to  show  how  little 
work  with  the  hammer  will  produce  a  forging  from  these  solid  blooms 
of  steel.  There  are  also  two  pieces  of  steel  of  the  quality  employed 
for  making  piston  rods,  which  have  been  bent  cold  under  a  heavy 
steam  hammer  to  show  the  toughness  of  the  metal :  it  requires  very 
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much  more  force  to  bend  it  than  would  be  required  to  bend  wrought 

iron,  but  notwithstanding  this  additional  rigidity  it  yields  to  any 

extent  without  snapping.     The  tensile  strength  of  this  soft  and  easily 

iTOQght  metal    is    as    much   as .  40   tons  per  square  inch,  or  from 

15  to  18  tons  greater  than  that  of  best  Yorkshire  iron.      In  turning, 

(kmng,  boring,  and  tapping,  it  will  be  found  that  the  uniformity  of 

its  qnality  will  be  less  trying  to  the  cutting  tools  than  the  hard  reeds 

lod  sand  cracks  met  with  in  the  common  qualities  of  malleable  iron. 

T^  abore  tensile  strength  of  the  piston-rod  steel  however  is  by  no 

means  the  maximum,  but  on  the  contrary  is  nearly  the  miniimnTfT 

itni^fth  of  the  steel  converted  by  this  process  ;  but  at  the  same  time 

it  possesses  nearly  a  maximum  degree  of  toughness,  for  every  additional 

ton  in  tensile  strength  obtained  by  the  addition  of  carbon  hardens 

the  steel  for  working,  renders  it  more  difficult  to  forge,  and  brings  it 

aeaier  to  that  undesirable  state  when  a  sudden  blow  snaps  it  like  a 

pieee  of  cast  iron. 

The  extreme  limits  of  tensile  strength  of  the  converted  metal  are 
sihcpvni  in  the  following  tables,  which  give  the  results  of  many  trials 
made  at  different  times  at  the  Eoyal  Arsenal  at  Woolwich  under  the 
capeiintendenoe  of  Colonel  Wilmot : — 

BESSEMER  STEEL. 
Tensile  Strength  per  square  inch. 


1              BomBcrStoeL 

Variooi  triak. 

.Mean  TeuOe  Stmngth. 

Id  thecaet 

JAM. 

42,780 
48,892 
57,296 
61,667 
64,015 
72,608 
77,808 
79,228 

68,028  lbs. =2818  tons 
per  square  inoh. 

After  luumnering 
orioShig. 

136,490 
145,612 
146,676 
156,862 
158,899 
162,970 
162,974 

152,912  lbs. »  68*26  tons 
per  squire  inch. 
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BESSEMER  IRON. 
Tensile  Strength  per  square  inch. 


Beaiemer  Irpn. 

Yariona  trials. 

Mean  Teneile  Strength. 

m 

In  the  cast 
iinliaTnmer<)d  state. 

Lbs. 
88,197 
40,284 
41,584 
42,908 
48,290 

41,243  lh6.  =  18*41  tons 
per  square  inch. 

After  hammering 
or  rolling. 

64,059 
65,253 
76,598 
76,195 
82,110 

72,643  lbs.  »32-43  tons 
per  square  inch. 

Flat  Ingot 

rolled  into  Boiler  Plate 

without  piling. 

63,691 
63,688 
72,896 
73,103 

68,819  lbs.  =»  80-60  tone 
per  square  inch. 

From  these  tables  it  is  seen  that,  after  hammering  or  rolling,  the  steel 
or  highly  carbonised  metal  exhibits  a  mean  tensile  strength  of  68  tons 
per  square  inch,  hat  from  its  hardness  and  unyielding  nature  it  is 
totally  unfit  for  many  purposes ;  while  the  iron  or  entirely  decarbonised 
metal  is  so  soft  and  copper-like  in  its  texture  as  to  yield  to  a  mean 
tensile  strain  of  32  tons  per  square  inch,  a  point  unnecessarily  low 
except  in  cases  where  a  metal  approaching  copper  in  softness  is 
required.  The  soft  easy-working  tough  metal  of  the  quality  used  for 
piston  rods  is  therefore  believed  by  the  author  to  be  the  most 
appropriate  material  for  general  purposes,  while  the  hard  steels  that 
range  up  to  a  tensile  strain  of  50  or  60  tons  per  square  inch  should 
be  avoided  as  altogether  too  expoiisive  to  work  and  too  dangerous  to  be 
employed  in  any  case  where  sudden  strains  may  be  brought  upon  them. 

With  reference  to  the  employment  of  the  mild  cast  steel  for 
constructive  purposes,  there  are  few  applications  of  more  unportance 
than  that  which  has  recently  and  successfully  been  made  to  the 
construction  of  steam  boilers.  The  Cornish  boiler,  as  improved  bj 
Mr.  Adamson  of  Hyde  near  Manchester,  has  a  large  flue  tube  constructed 
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lithntrrow  plates  more  than  12  feet  long,  extending  round  the  flue 

in  one  length,  and  flanged  at  each  edge  in  a  manner  which,  while  it 

idds  greatly  to  the  stability  of  the  flue,  demands  such  qualities  in 

the  material  employed  for  its  manufacture  as  are  completely  found 

qdIj  in  metal  that  has  undergone  fusion  and  has  become  perfectly 

kmogeneouB  throughout.    A  practical  illustration  of  the  excellence 

of  thifl   mode    of    constructing    boilers    and   the    powerful   strains 

vlnch  the  new  steel  is  capable   of  sustaining  safely  is  afforded  by 

the  steam  boilers  employed  for  some  time  past  at  Messrs.  Piatt's 

Torkfl  at  Oldham,  where  six  of  these  boilers  are  in  daily  use  ;  they  are 

30  feet  long  and  6|  feet  diameter,  and  the  flue  is  4  feet  diameter;  the 

plates  are  ^  inch  thick,  and  the  working  pressure  100  lbs.  per  square 

inch. 

Hie  advantages   of  cast   steel   are    still  more    marked  in   the 

OBasiniction  of  the  fireboxes  of  locomotire  engines.     The  difficulty  of 

flanging  and  shaping  this  work  in  plate  iron  without  splitting  the 

metal  at  some  part  is  so  great  as  to  have  rendered  the  employment  of 

ccpper  necessary  hitherto  for  this  purpose  ;  but  the  shape  required  can 

Qow  be  obtained  with  ease  and  certainty  by  hanmiering  up  a  sheet  of 

i&^tal  rolled  from  one  of  the  cast  ingots,  such  as  that  now  exhibited. 

One  of  these  firebox  plates  flanged  by  Mr.  Adamson  is  also  shown, 

«nd  dearly  illnstrates  the  facility  with  which  the  new  metal  may  under 

*^2fol  hands  be   wrought  into   any  required   form.      The    perfect 

cvrntuioity  of  the  material  and  its  entire  freedom  from  joinings  or 

^^rfdhigs  also  obviously  render  it  specially  suitable  for  the  tube  plates  of 

Jooooiotive  engines  ;  for  however  near  the  holes  are  made  to  one  another, 

there  is  no  danger  of  their  having  a  flaw  or  other  weak  place  between 

them.    This  is  exemplified  in  the  piece  of  plate  now  exhibited,  in 

▼hieh  rivet  holes  have  been  punched  so  close  as  to  remove  almost  all 

tbe  metal,  without  splitting  the  narrow  piece  still  left  between  the 

Uei.     Nor  is  it  in  the  construction  of  the  boiler  alone  that  the  cast 

Bted  may  be  employed  with   advantage  in  locomotives :   the  axles 

vfaether  plain  or  cranked,  the  piston  rods  and  guide  bars,  and  last  but 

not  kttt  the  wheel  tyres,  are  all  exposed  to  so  much  abrasion  and  to 

cQch  sudden  and  powerful  strains  that  a  tough  strong  material  capable 

of  witfastaading   this    destructive    wear    and    tear    is    imperatively 
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demanded  for  the  Batisfactory  construction  and  economical  working  of 
the  engine. 

The  special  aim  of  the  anthor  dnring  the  first  year  of  his  laboore, 
which  thronghont  the  last  six  years  has  never  been  lost  sight  of,  was  the 
production  of  a  malleable  metal  peculiarly  suitable  for  the  manufacture 
of  ordnance.     By  means  of  the  process  that  has  been  described  solid 
blocks  of  malleable  cast  steel  may  be  made  of  any  required  size  from  1  to 
20  or  30  tons  weight,  with  a  degree  of  rapidity  and  cheapness  previously 
unknown.     The  metal  can  also  with  the  utmost  facility  be  made  of  any 
amount  of  carburation  and  tensile  strength  that  may  be  found  most 
desirable  :  commencing  at  the  top  of  the  scale  with  a  quality  of  steel 
that  is  too  hard  to  bore  and  too  brittle  to  use  for  ordnance,  it  can  with 
ease  and  certainty  be  made  to  pass  from  that  degree  of  hardness  by 
almost  imperceptible  gradations  downwards  towards  malleable   iron, 
becoming  at  every  stage  of  decarburation  more  easy  to  work  and  more 
and  more  tough  and  pliable,  until  it  becomes  at  last  pure  decarbonised 
iron,  possessing  a  copper-like  degree  of  toughness  not  found  in  any 
iron  produced  by  puddling.     Between  these  extremes  of  temper  the 
metal  most  suitable  for  ordnance  nrast  be  found  ;  and  all  qualities  are 
equally  cheap  and  easy  of  production. 

From  the  practice  now  acquired  in  forging  cast  steel  ordnance  at 
the  author's  works  in  Sheffield  it  has  been  found  that  the  most 
satisfactory  results  are  obtained  with  metal  of  the  same  soft  description 
as  that  employed  for  making  piston  rods.  With  this  degree  of 
toughness  the  bursting  of  the  gun  becomes  almost  impossible,  its 
power  of  resisting  a  tensile  strain  being  at  least  15  tons  per  square 
inch  greater  than  that  of  the  best  English  bar  iron.  Every  gun 
before  leaving  the  works  has  a  piece  cut  off  the  end,  which  is  roughly 
forged  into  a  bar  of  2  inches  by  3  inches  section,  and  bent  cold  under 
the  hammer  in  order  to  show  the  state  of  the  metal  after  forging. 
Several  test  bars  cut  from  the  ends  of  guns  recently  forged  «re 
exhibited. 

The  power  of  this  metal  to  resist  a  sudden  and  powerful  strain  is 
well  illustrated  by  the  piece  of  gun  muzzle  now  shown,  which  is  one 
of  several  tubular  pieces  that  were  subjected  to  a  sudden  crushing 
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foioe  at  the  BoyBl  Ajsenal,  Woolwich,  under  the  direction  of  Colonel 

WDmot ;  tbe  pieces  were  laid  on  the  anvil  block  in  a  perfectly  cold 

fUte,  sad  were  craslied  flat  hy  the  falling  of  the  steam  hammer,  but 

Moe  of  them  exhibited  any  signs  of  fracture  when  so  tested.     Probably 

ike  best  proof  of  tlie  power  of  the  metal  to  resist  a  sndden  violent 

Btrnn  was  afforded  by  some  experiments  made  at  la^e  by  order  of 

the  Belgian  government,  who  had  one  of  these  guns  bored  for  al2  lbs. 

^helical  shot  of  4  j  inches  diameter,  and  made  so  thin  as  to  weigh 

only  94  cwts.     This  gnn  was  fired  with  increasing  charges  of  powder 

and  an  additional  shot  after  each  three  discharges,  until  it  reached  a 

mazimam  of  6|  lbs.  of  powder  and  eight  shots  of  12  lbs.  each  or 

96  lbs.  of  shot,  the  shots  being  thus  equal  to  about  one  tenth  of  the 

wdght  of  the  gun.     It  stood  this  heavy  charge  twice  and  then  gave 

wmy  at  about  40  inches  from  the  muzzle,  probably  owing  to  the 

jmwiTiring  of  the  shots.     The  employment  of  guns  so  excessively  light 

and  diarges  so  extremely  heavy  would  of  course  never  be  attempted  in 


Some  idea  of  the  facility  of  this  mode  of  making  cast  steel  ordnance 

is  afforded  by  the  time  occupied  in  the  fabrication  of  the  18  pounder 

gm  now  exhibited,  which  was  made  in  the  author's  presence  for  his 

experiments  on  gunnery.     The  melted  pig  iron  was  tapped  from  the 

leveibeiatory  furnace  at  11.20  a.m.,  and  converted  into  cast  ste^l  in 

30  mimites ;  the  ingot  was  cast  in  an  iron  mould  16  inches  square  by 

4  Iset  kmg,  and  was  forged  while  still  hot  from  the  casting  operation. 

By  ihia  mode  of  treating  the  ingots  their  central  parts  are  sufficiently 

■oft  to  receive  tiie  full  effect  of  the  hammer.     At  7  p.m.  the  forging 

VIS  eompleted  and  the  gun  ready  for  the  boring  miU. 

Ihe  erection  of  the  necessary  apparatus  for  the  production  of  steel 
I7  this  process,  on  a  scale  capable  of  converting  from  crude  iron 
caoi^h  steel  to  make  forty  of  such  gun  Uocks  per  day,  will  not  exceed 
■  eost  of  £5000,  including  the  blast  engine ;  hence  the  author  cannot 
bat  ied  that  his  labours  in  this  direction  have  been  crowned  with 
catire  success :  the  great  rapidity  of  production,  the  cheapness  of  the 
■latarial,  and  its  strength  and  durability,  all  adapt  it  for  the 
egiistniction  of  every  species  of  ordnance. 
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For  the  practical  engineer  enough  has  already  been  said  to  show 
how  important  is  the  application  of  cast  steel  to  constructive  purposes, 
and  how  this  valuable  material  may  be  both  cast  and  forged  with  snch 
facility  and  at  a  cost  so  moderate  as  to  produce  by  its  superior 
durability  and  extreme  lightness  an  economy  in  its  use  as  compared 
with  iron.  The  construction  of  cast  steel  girders  and  bridges,  and  of 
marine  engine  shafts,  cranks,  screw  propellers,  anchors,  and  railway 
wheels,  are  all  deserving  of  careful  attention.  The  manufacturer  of 
cast  steel  has  only  to  produce  at  a  moderate  cost  the  various  qualities 
of  steel  required  for  constructive  purposes  to  ensure  its  rapid  intro- 
duction ;  for  as  certainly  as  the  age  of  iron  superseded  that  of  bronze, 
so  will  the  age  of  steel  succeed  that  of  iron. 


Mr.  Bessemer  exhibited  an  18  pounder  gun  made  of  the  Bessemer 
steel  cast  in  a  single  ingot  of  the  required  size  and  subsequently- 
hammered,  with  a  variety  of  specimens  of  the  metal,  broken  to  show 
the  quality  of  the  fracture;  also  some  piston  rods,  a  boiler  plate 
flanged  for  a  locomotive  firebox  and  a  plate  bulged  in  a  die  yrithout 

I 

cracking  or  tearing,  a  plate  of  thin  metal  punched  with  a  number  of 
small  holes  very  close  together,  and  a  tube  of  the  metal  which  had 
been  crushed  flat  without  the  surface  of  the  metal  cracking.  He 
showed  also  one  of  the  fireclay  tuyeres  used  for  blowing  the  melted 
metal  in  the  converting  vessel,  and  specimens  of  the  ganister  used  for 
lining  the  vessel  and  ladle,  both  new  and  after  use. 

The  Chairman  enquired  whether  the  steel  produced  by  this  method 
was  considered  superior  in  quality  and  regularity  of  make  as  compared 
with  that  made  by  the  ordinary  process  of  conversion,  apart  from  the 
question  of  cost  of  manufacture. 

Mr.  Bessemer  said  that  from  all  the  experience  they  had  had  of 
the  steel  there  -was  certainly  no  inferiority  in  quality  when  made  from 
the  best  qualities  of  iron ;  no  process  had  yet  succeeded  in  making 
best  steel  from  very  common  iron,  and  all  steel  makers  resorted  to 
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good  iron  for  making  the  best  steel,  which  he  expected  would  long 
continae  a  necessary  condition  of  success.  The  custom  of  the  Sheffield 
steel  makers  was  to  use  none  but  best  Swedish  iron  or  other  foreign 
iron  of  high  character  for  making  all  the  best  cast  steel;  and  the 
same  result  was  obtained  with .  at  least  equal  success  by  the  new 
process  from  the  same  material.  But  in  addition  to  this  he  had  also 
snoceeded  in  producing  from  lower  qualities  of  English  iron  a  yery 
yalnable  material  having  great  regularity  of  make  and  possessing 
important  advantages  in  the  combination  of  toughness  and  strength ; 
while  the  cost  was  so  much  below  that  of  any  previous  cast  steel  as  to 
bring  it  into  use  in  place  of  wrought  iron  for  many  purposes  from 
which  steel  was  entirely  excluded  hitherto  by  the  high  cost.  For  the 
best  steel  he  still  made  use  of  Swedish  pig,  as  the  purest  and  best  iron ; 
Imt  the  process  had  this  great  advantage  over  the  ordinary  method  of 
making  steel,  that  in  the  latter  the  steel  was  produced  by  converting 
bars  of  wrougpht  iron  made  from  the  original  pig,  but  in  the  new 
process  the  pig  itself  from  which  the  bars  would  have  been  made  was 
treated  direct,  thus  saving  the  entire  cost  and  waste  of  the  intermediate 
process  of  manufacturing  the  iron  into  bars.  Hence  taking  the  same 
brand  of  pig  iron,  an  equally  good  quality  of  steel  was  obtained  at  a 
greatly  reduced  cost,  and  with  greater  uniformity  of  conversion  than 
was  possible  by  the  ordinary  process  of  cementation,  since  the  metal 
was  dealt  with  in  a  liquid  state,  instead  of  in  the  form  of  solid  bars 
which  could  be  acted  upon  from  the  outside  only.  He  expected  in 
time  to  be  able  to  obtain  a  still  better  result  from  the  lower  qualities 
of  EngHsh  iron,  as  there  was  nothing  in  the  process  itself  to  prevent 
any  description  of  iron  from  being  converted  into  the  best  steel  that  it 
was  capable  of  yielding. 

In  the  new  process  the  carbon  and  silicium  of  the  iron  itself  were 
employed  as  fuel  to  support  the  heat  for  reducing  the  cast  iron,  and 
the  intense  heat  thus  obtained  together  with  the  intimate  mixing  of 
the  air  blown  through  the  metal  while  in  a  fluid  state  caused  the 
reduction  to  be  much  more  rapid.  Instead  of  the  silicium  in  the  iron 
requiring  2  or  3  hours  to  be  burnt  out,  as  in  the  ordinary  puddling 
process,  it  was  now  burnt  out  in  only  12  minutes,  giving  out  a  great 
amount  of  heat  by  its  combustion ;  and  the  complete  reduction  of  the 
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metal  occupied  lees  tlian  half  an  hour,  and  was  aooomplislied  with  hx 
greater  certainty  and  completeness,  while  8  or  4  tons  were  acted  upon 
at  once,  instead  of  only  as  many  cwts. 

For  the  construction  of  ordnance  an  excessive  toughness  of  meUl 
was  wanted,  and  in  this  respect  the  new  steel  had  an  advantage  o?er 
ordinary  cast  steel  which  rendered  it  specially  suitable  for  that  purpose. 
Toughness  implied  a  soft  and  mild  quality  of  steel,  but  this  required  i 
very  high  temperature  for  melting,  and  it  was  not  enough  for  tbe 
metal  to  be  simply  fluid,  but  it  must  be  what  the  workmen  called  mil 
melted ;  for  if  merely  brought  to  a  state  of  fusion  and  then  formed  into 
an  ingot  it  did  not  work  satisfactorily  in  the  subsequent  process  of 
forging.     In  the  ordinary  process  the  difficulty  of  getting  the  steel 
sufficiently  well  melted  increased  in  proportion  to  the  softness  or  mildness 
of  the  metal :  hence  it  sometimes  occurred  that  a  manufacturer  would 
not  attempt  using  quite  so  mild  a  quality  of  steel  for  a  large  castiDg ; 
and  a  little  more  hardness  was  allowed,  so  as  to  admit  of  a  lower 
temperature  for  melting,  by  incceasing  the  extent  of  carbonisation  in 
order  to  render  the  operation  of  casting  less  troublesome  and  expensive. 
But  in  the  new  process  any  degree  of  softness  could  be  allowed,  and 
the  reduction  in  the  converting  vessel  could  be  carried  on  till  the 
metal  even  approached  malleable  iron,  without  adding  at  all  to  the 
trouble  or  expense  of  casting.     When  the  reduction  was  carried  to 
the  extreme  extent,   the  metal  had  a  remarkably   tough  and  soft 
quality,  like  copper,  and  seemed  likely  to  prove  a   very  valuable 
material  for  many  purposes  where  these  properties  were  of  importance. 
The  most  satisfactory  material  for  making  guns  he  believed  would 
be  a  perfectly  homogeneous  metal,  having  somewhat  of  the  character 
of  steel,  but  closely  approaching  malleable  iron,  of  a  tough  quality 
and  without  any  weldings ;  and  this  mode  of  casting  the  gun  in  a 
single  large  ingot  of  the  required  size,  as  shown  in  the  specimen 
exhibited,  precluded  the  possibility  of  working  up  improper  material 
into  the  gun,  and  ensured  its  possessing  the  same  strength  in  all 
parts. 

The  Chairman  enquired  whether  the  plates  made  from  the  new 
steel  were  much  used  at  present,  such  as  the  specimens  of  flanged 
boiler  plates  that  were  exhibited. 
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Mr.  Bebbmmsb,  repKed  that  the  plates  were  now  extensively  in  UBe 
aod  the  steel  proved  a  veiy  good  material  for  boiler  plates,  as  it 
US  ray  reliable  in  working  from  being  of  snch  a  nniform  textore 
tbtmglioiit. 

Mr.  D.  Adaxsoh  said  he  had  already  used  200  tons  of  boiler 
jtos  made  from  the  new  steel  and  was  abont  to  proenre  a  farther 
npplj  of  70  tons ;  he  found  the  metal  of  ezoellent  qnalily  and  regolar 
dhmcter  thronghont,  and  it  was  an  admirable  material  for  working. 
Dk  flmged  firebox  plate  now  shown  was  a  duplicate  of  a  number  that 
k  kd  used  in  the  manufacture  of  boilers  for  very  high  pressure  with 
B06t  sttis&ctory  results ;  the  metal  flanged  beautafnlly  and  was  like 
oopper  m  this  respect,  but  with  the  advantage  that  it  was  not  so 
liable  as  copper  to  be  damaged  by  heating.  He  could  fully  confirm 
tbe  sMemente  given  as  to  its  strength,  having  tested  it  very  severely : 
•8  A  pieciution  every  plate  had  been  ordered  with  1  inch  margin  all 
vmi,  wbich  was  then  sheared  off  and  bent  double  as  a  test  of  the 
^ty  of  the  plate  ;  it  was  ft>und  to  stand  this  test  well,  and  bent 
Me  like  the  specimens  exhibited  without  cracking  at  any  part 
^tb  sar&ee.  The  price  of  the  plates  was  an  important  consideration 
is  atking  steel  boilers  for  the  advanced  pressures  now  coming  into 
Bft;  the  boilers  that  he  had  made  with  the  new  plates  cost  about  one 
^  more  than  with  best  iron  plates,  but  then  the  joints  were  all 
^<RUe  riretted,  and  a  large  portion  of  the  rivet  holes  drilled  instead 
cf  [HBched,  to  obtain  greater  accuracy  of  work  and  avoid  straining  the 
^^ithe  boilers  being  intended  for  working  at  high  pressures  of 
^^  b.  per  square  inch  and  upwards.  The  increased  cost  was 
^^^othit  mainly  occasioned  by  the  superior  workmanship ;  but  it 
*>s  wen  worth  while  to  bestow  a  higher  class  of  labour  upon  the 
^^^  elass  of  metal  here  produced,  whereby  a  far  more  valuable 
f^oh  w«8  obtained.  The  durability  of  these  steel  plates  in  the  fire 
^  of  steam  boilers  witii  hard  firing  had  been  well  tested  in  some 
^^^^  be  had  made  for  Messrs.  Flatt  at  Oldham,  the  results  of  which 
W  been  thoroughly  satisfactory. 

The  only  difficulty  he  had  met  with  in  working  the  new  steel  arose 
from  unequal  expansion  of  the  plates  or  bars,  when  they  had  left  the 
^^  at  different  temperatures.     When  a  plate  l^t  had  left  the  rolls 

w 
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at  a  low  temperature  was  riretted  to  one  that  had  not  been  rolled 
so  cold,  the  two  did  not  expand  equally  when  exposed  to  a  considerable 
heat  in  the  working  of  the  boiler,  and  there  was  a  constant  strain  on 
the  joint ;  this  difficulty  gare  some  trouble  at  first,  but  was  now  got 
oyer  by  having  all  the  plates  and  bars  annealed  for  some  time,  after 
leaving  the  rolls,  and  they  were  then  thoroughly  soft  and  uniform  in 
quality,  so  that  they  could  be  worked  in  any  way  with  the  greatest 
facility. 

In  resisting  the  strain  of  compression  to  which  the  internal  fines 
of  boilers  were  exposed,  there  was  no  doubt  the  steel  plates  would  be 
much  stronger  and  better  than  ordinary  boiler  plates ;  he  had  not 
however  made  much  diminution  of  thickness  in  the  metal,  preferring 
to  take  full  advantage  of  the  increased  strength  in  that  part  of  the 
boiler;  but  it  was  very  desirable  that  experiments  should  be  made  to 
determine  the  actual  strength  of  the  new  plates  in  such  positions. 
Whether  the  plates  would  withstand  a  tensile  strain  equally  well  in 
all  directions  he  thought  should  abo  be  tried ;  as  in  the  case  of  the 
attachment  of  the  domes  of  steam  boilers,  where  the  bottom  of  the 
dome  was  flanged  out  for  rivetting  to  the  boiler,  and  the  metal  at  that 
part  was  subjected  to  two  strains  at  right  angles  to  each  other,  one  of 
them  tending  to  tear  the  plate  asunder  from  the  edge  inwards.    It  was 
therefore  important  to  try  whether  the  plates  would  stand  such  a 
compound  strain  as  well  as  they  resisted  the  single  bursting  strain  in 
the  barrel   of  a  boiler;    for  if  this  were  the  case,    they  might  be 
depended  upon  with   equal   security  for  all  situations.     They  were 
essentially  superior  he  considered  to  any  plates  manufactured  from 
piled  iron,  as  they  were  entirely  free  from  lamination  and  were  truly 
homogeneous  throughout. 

Mr.  W.  BiGHARDsoN  said  he  had  made  trial  of  the  Bessemer  steel 
plates  for  some  time  in  boilers  at  Messrs.  Piatt's  works  at  Oldham, 
where  some  years  ago  a  higher  pressure  of  steam  was  adopted  than 
was  then  usual.  At  that  time  they  frequently  found  distress  at  the 
joints  of  the  boilers,  and  had  then  adopted  double  rivetting  ;  and  the 
firebox  plates  were  frequently  blistered,  though  of  a  good  make*  of 
iron.  Subsequently  three  boilers  were  made  of  plates  of  homogeneous 
metal,    which  had   now  been  at  work  three  years;    bat  since  the 
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Bessemer  steel  had  been  prodnced  at  a  cheaper  rate  and  equally 
reliable  in  strength  and  quality  they  had  nsed  it  extensively,  and  had 
BOW  six  boilers  constracted  of  the  new  plates.  They  had  now  no 
Dore  trouble  from  blistered  plates  and  strained  joints,  while  a  great 
nmg  was  effected  in  thickness  of  metal,  requiring  less  fuel  to  produce 
the  same  heating  power :  the  steel  plates  were  only  -j^  inch  thick  for 
tk  same  strength  as  the  former  -^  inch  iron  plates,  so  that  there 
VIS  onlj  I  inch  thickness  at  the  lap  of  the  joints  instead  of  1 J  inch, 
or  onlj  -jL.  inch  greater  thickness  at  the  joints  of  the  steel  plates  than 
with  the  single  thickness  of  ordinary  iron  plate.  They  had  had  only 
two  years'  experience  of  the  new  plates  at  present,  but  during  that 
time  the  results  had  proved  thoroughly  satisfactory. 

Mr.  B.  FoTHERGiLL  askcd  whether  the  Bessemer  plates  showed 
any  liability  to  become  corroded  along  the  line  of  the  joints  where 
lie  plates  overlapped,  as  was  frequently  the  case  in  wrought  iron 
boileiB,  which  were  liable  to  become  cracked  at  that  part  to  a 
csasiderable  depth  in  the  thickness  of  the  metal,  in  consequence 
cf  the  plates  trying  to  pull  themselves  straight  on  both  sides  the 
i^^twhen  the  pressure  was  on,  and  recovering  themselves  again  each 
^the  steam  was  down. 

Kr.  W.  Richardson  said  he  had  not  observed  any  corrosion  yet 
rathe  steel  plates,  but  the  boilers  had  not  been  long  enough  at  work 
^  pTOTe  whether  they  would  remain  free  from  it.  Their  own  practice 
^v  to  (trip  all  the  boilers  once  a  year  for  a  thorough  examination, 
iB<i(Uui  out  all  the  scale  and  dirt,  and  then  put  on  a  coat  of  linseed 
oil  t]]  oTer,  which  was  very  effective  in  preserving  the  plates  from 
»m»ioii.  The  boilers  were  6J  feet  diameter  and  30  feet  long, 
*ith  <me  fire  flue  3  feet  10  inches  diameter,  and  worked  at  a  pressure 
^^  85  lbs.  per  square  inch. 

Ur.  H.  W.  Haruan  enquired  whether  in  the  process  of  manufac- 
^g  the  steel  any  other  means  had  been  arrived  at  of  ascertaining 
the  quality  of  the  metal  in  the  converting  vessel  and  its  degree  of 
jTepandon,  beyond  merely  observing  the  appearance  of  the  flame 
from  the  mouth  of  the  vessel  and  its  cessation  when  the  conversion 
^M  completed  :  and  whether  the  indications  were  sufficiently  accurate 
^  ensQie  the  same  quality  of  metal  being  produced  at  all  times. 
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Mr.  Bessbmbb  replied  that  the  new  process  afforded  great  facalitj 
for  judging  of  the  quality  of  metal  in  the  converting  vessel,  more  so 
than  any  other  process  for  mannfactaring  steel.  For  the  quality  was 
determined  not  only  hy  the  judgment  of  the  workmen,  who  after 
some  practice  could  tell  with  great  accuracy  from  the  changes  in  the 
flame;  but  the  time  of  blowing  into  the  converting  vessel  was 
definitely  measured  according  to  the  weight  of  metal  it  contained, 
and  the  small  quantity  of  pig  iron  added  in  the  last  stage  of  the 
process  was  also  accurately  weighed,  thus  determining  the  exact 
quantity  of  carbon  put  into  the  metsd  to  convert  it  back  from  wrought 
iron  into  steel,  which  had  not  been  so  definitely  accomplished  m  any 
previous  method  of  conversion.  As  the  process  was  entirely  mechanical 
and  independent  of  the  workmen,  the  result  could  be  relied  on  with 
great  certainty  ;  it  was  thus  very  different  from  the  ordinary  ease  of 
puddling  in  the  manufacture  of  wrought  iron,  where  the  quality 
of  iron  produced  depended  altOiipeilher  on  the  judgment  and  skill  of 
the  workman.  The  sudden  dtop  ii»4b6  flame  when  the  decarbonisation 
of  the  iron  was  completed  eovld  be  observed  with  great  readiness ; 
and  the  measured  weight  of  melted  pig  iron  containing  a  known 
proportion  of  carbon  was  then  added  at  once,  combining  with,  the 
metal  while  in  a  melted  state,  and  producing  a  definite  qualify 
of  steel.  With  20  cwts.  of  metal  in  the  cmdble  120  lbs.  of  pig  iron 
was  the  usual  quantity  added,  which  was  increased  up  to  ISO  or 
140  lbs.  for  making  harder  qualities  of  steel.  The  uniform  and  soft 
quality  of  the  steel  that  had  been  rolled  into  boiler  plates  was  shown 
by  the  severe  manner  in  which  it  had  been  tested,  by  cutting'  off 
a  strip  from  every  plate  for  trying ;  but  a  further  test  was  afforded  by 
the  subsequent  working  of  the  plate,,  for  if  it  were  brittle  and 
irregular,  hard  in  some  places  and  soft  in  others,  that  would  inevitably 
be  found  out  in  punching  and  flanging^.  The  use  of  the  large  quantity 
of  the  plates  already  employed  at  the  works  where  they  were  so 
tested  was  a  satis£ftctory  proof  of  the  uniform  quality  of  steel  obtained 
by  the  new  process. 

With  regard  to  corrosion  of  the  steel  plates  in  Ixnlers,  in  no 
case  was  steel  dissolved  by  acid  so  much  as  wrought  iron.  The  neur 
steel  especially,  being  a  perfectly  h(«ttogeneous  material  united  closely 
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atallptftfl  and  entirely  free  from  laminatioii  of  siractnre,  presented 
no  ineqiuHties  of  teztore  and  no  openings  for  the  corrosion  to  begin 
etting  its  vay  in :  whereas  iron  had  innmnerable  small  fissnres  in  its 
obfitiiice,  and  if  the  sorfiEice  of  any  malleable  iron  were  filed  or 
pined  smootii,  and  then  covered  with  a  dilnte  acid  for  a  few  minntes, 
on  vijHBg  off  the  acid  an  etching  was  leffc  all  oTer  the  surface  from 
tltt  in^falarity  of  the  material,  capable  even  of  being  printed  from ; 
on  the  steel  plates  no  snch  effect  was  produced  by  the  add. 

IB  showed  how  wrought  iron  became  corroded,  by  the  corrosion 
eoomeDdng  in  the  minute  interstices  at  its  surface  and  gradually 
otendrng  itself  through  them  into  the  body  of  the  iron.  The  bars  of 
vraoght  iron  paSisades  were  known  to  become  corroded  at  the  bottom 
btbuway;  and  eren  cast  iron  suffered  in  a  similar  manner,  though 
is »  nmdi  smaller  d^pree. 

Mr.  H.  llAUDSiiAT  observed  that  an  interestiBg  point  had  been 
^ted  m  the  discussion,  with  reg^ffd  to  the  different  expansion 
«f  the  new  steel  plates  when  ikey  had  left  the  rolls  at  different 
tapentoies.  He  thought  that  further  information  and  experiments 
nfhenhject  were  highly  desirable,  and  as  to  wheth^  the  remark 
*nU  to  the  new  steel  alone  or  to  iron  generally. 

Mr.  D.  Adamson  had  tried  three  sets  of  bars,  of  Bessemer  steely 

|B^  fteel,  and  scrap  iron,  that  had  kffc  the  rolls  at  different 

^^aiuros,  the  bars  all  10  feet  long  and  each  set  welded  together 

•t  floe  end :   after  heating  them  to  a  moderate  red  heat  there  was 

^tD  be  as  mudi  as  }  inch  di&rence  in  length  among  the  rods 

^  Ae  nme  material,  and  he  therefore  came  to  the  conclusion  that 

^  IB  not  advisable  to  unite  together  in  the  same  work  platea 

^hdlaft  the  rdQs  at  different  temperatures,  as  the  coldest  rolled 

P^  ezpaaded  more  on  being  reheated  the  first  time.     However  on 

'^'tcitiag  the  same  rods,  not  one  tenth  of  the  difference  first  observed 

^  pbee ;   and  the  otjection  at  first  experienced  was  now  obviated 

^  aoaealmg  all  the  plates  and  bars  of  Bessemer  steel  for  some  hour» 

After  they  had  left  the  relk. 

Hr.  H.  Haudslat  thought  the  effect  of  the  second  heating  was 
^lesunkable,  in  cansuokg  the  dilferenoe  of  expansion  to  disappearr 
^  thoiied  the  necessity  of  having  all  bsrs  or  plates  of  the  new  steel 
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left  in  a  known  state  after  rolling,  by  annealing  them  as  described,  in 
order  to  avoid  the  inconvenience  of  variable  expansion. 

The  Chairman  said  the  specimens  of  metal  exhibited  and  the 
results  obtained  were  certainly  highly  satisfactory,  and  the  new 
process  appeared  one  of  great  scientitic  beauty.  If  the  new  steel 
could  indeed  be  produced  regularly  of  the  quality  described  and  in 
large  masses,  it  was  the  very  material  that  had  long  been  wanted  by 
engineers.  He  only  wondered  it  was  not  more  in  use  at  present,  if 
these  results  were  really  permanently  secured  and  could  be  fully  reHed 
upon  in  regular  manufacture. 

The  use  of  steel  plates  for  boilers  had  been  tried  for  some  time,  bat 
he  believed  the  objection  to  them  had  been  want  of  uniformity  in 
temper  and  quality,  so  that  they  could  not  be  used  with  safety.  But 
if  the  new  process  was  so  successful  in  excluding  all  liability  to 
variation  of  quality  and  in  producing  a  really  homogeneous  steel,  an 
equal  strength  in  all  parts  of  the  plates  might  be  relied  on  ;  and  he 
was  glad  to  hear  now  of  their  beiag  practically  applied  for  boiler 
purposes. 

There  was  not  so  much  difficulty  however  in  the  case  of  plates 
worked  down  under  rolls  in  obtaining  sufficient  strength  and  soundness 
of  work  ;  the  great  difficulty  was  with  a  great  thickness  of  metal,  in 
ensuring  soundness  in  the  interior  of  large  castings  and  equal  density 
and  toughness  in  all  parts.  The  new  process  did  not  appear  exempt 
from  this  difficulty,  which  applied  to  a  homogeneous  metal  when 
worked  in  large  masses  almost  as  much  as  to  ordinary  iron ;  and  there 
seemed  to  be  no  short  road  to  making  large  forgings,  but  they  must 
still  go  through  a  sufficient  amount  of  heavy  hammering  to  ensure  the 
necessary  solidity.  For  such  work  one  essential  he  was  satisfied  was 
a  massive  forge  hammer,  greatly  enlarged  beyond  those  at  present  in 
general  use.  Mr.  Krupp  of  Essen  in  Prussia,  who  had  been  the 
pioneer  in  the  treatment  of  cast  steel  in  large  masses,  was  now 
actually  erecting  an  enormous  hammer  of  40  tons  weight ;  and  this 
must  be  in  order  to  get  over  some  objection  experienced  where  the 
steel  was  not  sufficiently  hammered.  In  his  own  experiments  on  the 
manufacture  of  ordnance  he  had  tried  all  sorts  of  steel,  excepting  the 
Bessemer  steel,  when  the  greatest  pains  had  been  taken  by  the  makers 
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to  oTercome  the  difficulties  and  produce  a  thoroughly  sound  material. 

M  nearlj  all  the  trouble  in  connexion  with  guns  had  arisen  from  using 

iteel,  and  he  had  not  been  able  to  get  any  stee^  to  stand  the  action  of 

bg  continued  firing.     In  a  bar  where  the  thickness  was  small  it  had 

teoadty  enough,  but  in  a  block  it  was  different,  the  liability  to  fracture 

%lifiDg  itself  as  soon  as  any  considerable  thickness  was  attempted. 

Itnsqoite  possible  however  that  if  well  worked  under  a  large  hammer 

viiik  hot,  a  large  mass  of  steel  might  be  made  to  have  all  the  good 

^Qilities  that  it  possessed  when  worked  on  a  small  scale.     He  enquired 

viietheranygun  of  large  mass  had  been  attempted  with  the  new  steel. 

Mr.  Bessemer  replied  that  he  had  not  yet  made  any  guns  larger 

tijQ  the  18  pounder  now  exhibited,  excepting  a  few  24  pounders ; 

t St  the  12  pounder  spherical-shot  gun  of  the  new  steel,    tried  in 

tirl^iam,  was  bored  to  4 J   inches  diameter,  which  was  the  same 

tjoetcr  of  bore  as  that  of  the  Armstrong  40  pounder  guns,  while 

^  height  was  only  9^  cwts.  as  compared  with  34  cwts.  the  weight  of 

^  old  cast  iron  gnns  of  the  same  bore,  and  32  cwts.  the  weight  of 

>  Annstrong  40  pounder.    The  great  strength  obtained  with  so  light 

k  m  was  well   shown  by  the  experiments   in   Belgium   with   the 

l2  piHinder  gun    of  the   new  steel,  the   metal  of  which  was  only 

i«&it  thick  at  tbe  muzzle  and  2^  inches  at  the  breech ;  but  it  stood 

"^  kst  of  firing  with  continually  increasing  charges,  from  2  shots 

^  '•  Il«.  each  and  2^  lbs.  of  powder,  up  to  8  shots  or  96  lbs.  of  shot 

*•  ^  lbs.  of  powder.     At  the  third  firing  of  this  heavy  charge  the 

^pvted  at  about  the  middle  of  its  length,  where  the  thickness  of 

^^wta  1|  inch,  probably  on  account  of  the  shot  slightly  over- 

^'%  one  another  and  getting  jammed  at  the  muzzle  ;  at  the  same 

'-'-><  the  excessive  recoil  of  the  gun  under  so  large  a  charge  tended 

^up  the  metal  asunder,   but  there  was  no  rupture  of  the  gun 

vitndinally. 

He  folly  acknowledged  the  great  labours  of  Mr.  Erupp  of  Essen, 
*.i  was  undoubtedly  the  leader  in  the  production  of  large  masses  of 
•^  steel ;  bat  he  thought  the  large  40  ton  steam  hammer  that  had 
^^  mentioned  was  intended  only  for  the  very  largest  work,  such  as 
^se  shafts  of  20  or  30  tons  weight,  and  the  general  run  of  work 
^  dd  not  require  hammers  larger  than  the  ordinary  size  at  present  used. 
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The  great  advantage  of  usixig  cast  steel  for  makmg  large  pieces  of 
work  was  that  there  were  no  welds  in  the  mass  of  metal,  bat  it  was 
cast  at  once  of  the  ^1  size  reqaired  and  of  nearly  homogeneous 
quality  throughout,  and  was  then  beaten  out  under  the  hammer  into 
the  proper  shape,   having  been  cast  originally  in  the  form  most 
suitable  for  producing  the  finished  forging.    The  old  practice  with  cast 
steel  was  to  let  the  ingot  get  cold  after  casting,  and  it  was  left  to  lie 
rusting  before  being  worked  into  shape,  under  a  mistaken  notion  of  its 
becoming  milder  by  exposure  in  the  air.     But  the  gun  now  exhibited 
of  the  new  steel  was  never  allowed  to  get  cold  from  the  time  of  casting 
till  the  forging  was  finished.     The  metal  was  poured  from  the  ladle 
into  a  cold  iron  mould,   forming  an  ingot  16  inches  square  asd 
40  inches  long ;    the  external  surface  got  cooled  directly,  but  the 
inside  remained  still  so  soft  that  a  rod  could  be  run  down  the  centre 
when  the  outside  was  cold  enough  to  be  solid.     After  remaining 
20  minutes  in  the  cold  mould  it  was  then  too  cold  outside  for  working 
under  the  hammer,  though  still  very  hot  inside ;  and  it  was  therefore 
put  in  a  furnace  for  a  short  time  and  reheated  on  the  outside  till  it 
was  nearly  equally  hot  all  through,  leaving  still  however  an  excess  of 
heat  in  the  centre.     The  inside  was  protected  firom  damage  in  the 
reheating  by  being  completely  encased  in  the  cooler  exterior  porii(») 
and  got  no  injury,  not  being  exposed  to  the  air ;  but  when  put  under 
the  hammer  the  centre  was  so  much  softer  than  the  outside  that  the 
large  masses  thus  cast  in  the  mould  could  be  readily  hammered 
through  right  to  the  centre.     The  whole  forging  was  thus  completed 
at  the  only  time  when  the  mass  was  in  the  very  best  condition  for 
working,  for  in  no  subsequent  reheating  could  it  ever  be  got  hotter  in 
the  centre  than  on  the  outside,  nor  even  so  hot ;  but  in  ordinary 
forging,  the  entire  heating  being  done  from  the  outside  which  was 
exposed  to  the  atmosphere,  the  metal  was  unavoidably  overheated  on 
the  outside  and  more  or  less  burnt,  whilst  the  interior  was  still  not 
sufficiently  heated  for  the  blow  to  penetrate  the  mass  fully. 

Toughness  and  tensile  strength  did  not  require  a  laminated 
structure  of  the  metal,  but  depended  on  softness  of  quality  and  on 
the  amount  of  hammering  it  had  undergone.  In  trials  he  had  made 
of  the  effect  of  hammering  on  the  new  steel,  an  ingot  just  cast, 
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3  inches  square,  snstained  a  tensile  strain  of  21  tons  per  square  inch, 
bat  after  being  reduced  J  inch  each  way  by  hammering  it  stood 
57  tons  per  square  inch ;  on  further  drawing  it  down  however  to 
a  bar  }  inch  square,  no  more  practical  gain  in  strength  was  obtained , 
showing  that  a  certain  moderate  amount  of  hammering,  if  properly 
done,  produced  the  full  effect  that  was  required  in  condensing  the 
snbstance  of  the  metal.  The  object  of  the  hammer  was  not  to  weld 
the  steel  together  as  in  hammering  a  bloom  of  wrought  iron,  but 
merely  to  compress  the  particles  together,  and  the  crystals  then  united 
most  readily ;  nor  was  the  hammering  needed  to  develop  a  fibrous 
diancter  in  the  metal,  for  fibre  had  nothing  to  do  with  the  strength 
of  steel,  bat  an  ingot  simply  condensed  by  a  small  amount  of  hammering 
&fter  casting  possessed  the  same  strength  as  if  drawn  down  into  a  bar 
nnder  the  hammer. 

Mr.  R.  LoNGSDON  thought  the  circumstance  that  the  new  steel  had 
not  jet  been  brought  into  more  extensive  use  could  not  be  taken  as  an 
irgnmeDt  against  its  value ;  for  the  difficulties  of  introducing  any  new 
material  were  so  great,  and  in  the  ordnance  experiments  it  was 
admitted  the  steel  had  not  even  had  a  trial  at  present.  That  more 
W  not  already  been  done  was  no  reason  why  more  should  not  yet  be 
<{oBe,  when  the  new  steel  had  become  better  known.  Hitherto  it  had 
l<een  nsed  mainly  for  comparatively  small  articles,  but  these  had  proved 
thoroQgbly  successful,  and  he  thought  that  in  large  forgings  there  was 
^0  donbt  of  the  same  success  being  obtained  when  the  steel  was 
snffidently  hammered  after  casting. 

The  Chairmak  gathered  from  the  statements  made  about  the  new 
iteel  that  it  did  not  differ  materially  from  cast  steel  obtained  by  the 
ordinary  process,  except  in  being  much  less  expensive  and  more  truly 
a  homogeneous  and  pure  metal.  From  his  own  experience  of  ordinary 
cast  steel  he  was  not  able  to  speak  favourably  of  it  for  large  masses 
of  metal  sach  as  guns :  but  he  was  sure  all  would  be  glad  if  the 
<ii£5caltie8  connected  with  it  could  be  overcome,  and  all  would  most 
heartily  wish  success  to  Mr.  Bessemer' s  ingenuity  and  perseverance. 

He  proposed  a  vote  of  thanks  to  Mr.  Bessemer  for  his  highly 
interesting  paper,  which  was  passed. 


The  following  paper  was  then  read : — 

X 
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ON  THE  STRENGTH  OF  STEEL 
CONTAINING  DIFFERENT  PROPORTIONS  OF  CARBON. 


Br  Mb.  T.  BDWABD  YICEEBS,  of  Sheffekld. 


Three  most  important  materials  of  British  manafactare — wrought 
iron,  steel,  and  cast  iron — are  combinations  of  iron  with  a  smaller 
or  larger  amonnt  of  carbon.  Wrought  iron  contains  from  about 
}  to  ^  per  cent,  of  carbon,  cast  steel  about  §  to  2  per  cent.,  and  cast 
iron  from  2  J  to  7  per  cent.  The  great  variety  of  opinions  that  have 
been  expressed  respecting  the  strength  of  steel  when  containing 
different  proportions  of  carbon  led  the  writer  to  make  a  number  of  tests 
upon  this  point,  the  results  of  v^hich  are  given  in  the  present  paper 
with  the  conclusions  derived  from  them. 

The  degree  of  carbonisation  in  the  several  varieties  of  steel  tested 
in  the  experiments  ranged  from  about  §  per  cent,  of  carbon  to  1 4  per 
cent.  ;  the  softest  or  least  carbonised  steel  containing  J  per  cent,  of 
carbon  was  called  No.  2,  and  the  hardest  or  most  highly  Carbonised 
containing  1^  per  cent,  of  carbon  No.  20,  the  intermediate  numbers 
representing  intermediate  degrees  of  carbonisation.  The  tests  to 
which  the  steel  was  subjected  consisted  in  ascertaining  its  tensile 
strength,  by  means  of  bars  of  the  steel  broken  by  direct  tension  ;  and 
also  its  transverse  strength,  by  means  of  axles  made  of  the  steel  wliich 
were  broken  by  the  blows  of  a  heavy  ram. 

Tensile  Strength. — The  tensile  strength  of  the  several  varieties  of 
steel  was  tested  by  the  simple  lever  machine  shown  in  Plate  S4,  in 
which  the  leverage  is  220  inches  to  II  inches,  or  20  to  1,  Fig.  1,  so 
that  each  cwt.  added  in  the  scale  at  the  long  end  of  the  lever  prodaoes 
a  tension  of  1  ton  on  the  test  bar  at  the  other  end  of  the  lever.  The 
test  bars  A,  Figs.  2,  3,  and  4,  are  21])  inches  long,  with  14  inches  of 
their  length  turned  down  to  a  uniform  diameter  of  1  inch.     For 
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ftdHtf  of  fixing  the  bars  in  the  testing  macbine  and  remoying  them 
Then  broken,  the  ends  are  made  wedge-shaped,  and  the  lower  end  is 
held  in  a  oooical  socket  in  the  holding-down  block  B,  into  which  it  is 
inierted  ihrongh  the  longitudinal  slot  shown  in  the  plan,  Fig.  6  ;  the 
hu  is  then  tamed  half  ronnd,  and  the  upper  end  slipped  into  the 
Tedge-sbaped  holder  C  at  top,  ^rherebj  the  bar  is  secnreljheld  daring 
the  tostang.  The  follo^nng  Table  I  gives  the  resalts  of  the  trials, 
diowmg  the  breaking  strain  redaced  to  tons  per  square  inch,  together 
fitiithe  amoant  of  elongation  prodaced  in  the  bars  : — 

TABLE  I. 

Tensile  Strength  of  SUel 
containing  different  proportions  of  Carbon, 


IMptin  of  SteeL 

Pkopartioii  of  Ctobon 
(appxoilBiate.)* 

BiMUag  Stnin 
per  aquare  inch. 

Elfmgatton. 

Percent 

,,             Tom. 

Indi. 

Na   8 

0-88 

80*4 

1-87 

Ha   4 

0-48 

84*0 

1-87 

Ho.   6 

0-48 

87*6 

1-25 

1       Ho.   6 

0-68 

42-6 

1-12 

'        Ho.    7 

0-58 

41'5  ♦♦ 

0*81 

Ha   8 

0-68 

46-0 

1-00 

Ha  10 

0-74 

45-5 

0*69 

<        Ha  12 

1 

0-84 

660 

1-12 

Ha  15 

1-00 

600 

1-00 

'        Ho.  20 

1-26 

690 

0-62 

*  The  intermediate  figares  in  this  colimm,  from  Ho.  4  to  No.  15  inolugive,  aro 
Bctdj  apprazimate,  being  interpolated  in  proportion  to  the  numbers  of  the  steel. 

^  **  Tbtn  was  a  flaw  in  this  test  bar,  which  will  account  for  its  breaking  at  a 
lo'vcr  atnin  than  the  preceding  No. 

The  elongation  was  measored  after  each  addition  of  load  in  the  scale 
Kt  the  long  end  of  the  lever ;  and  that  given  in  the  table  is  the  final 
*i&oant  of  elongation,  previoas  to  adding  the  last  cwt.  in  the  scale 
*bidi  caiued  the  breakage. 

The  table  shows  that  the  tensile  strength  of  the  steel  is  increased 
by  the  addition  of  carbon,  ontil  it  is  combined  with  aboat  \\  per  cent. 
^  cvboD,  when  it  sastains  aboat  69  tons  per  sqaare  inch.      Bat 
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beyond  this  degree  of  carbonisation  the  steel  becomes  gradoallj  weaker, 
until  it  reaches  the  form  of  cast  iron,  which  sustains  a  tensile  strain  of 
only  about  6  or  6}  tons  per  square  inch.  When  the  test  bar  is  tamed 
down  at  one  point  only,  instead  of  through  a  considerable  length,  tbe 
result  obtained  has  been  found  to  be  different :  for  a  bar  of  steel  tamed 
down  to  I  inch  diameter  at  one  point  only,  as  shown  at  D  in  Fig.  5, 
did  not  break  till  the  strain  reached  79  J  tons  per  square  inch  ;  whereas 
a  bar  of  the  same  steel  turned  down  to  1  inch  diameter  for  14  inches 
of  its  length  broke  with  a  tension  of  60  tons  per  square  inch. 

Transverse  Strength, — For  testing  the  transverse  strength  of  the 
several  varieties  of  steel,  axles  were  made  of  the  steel  in  the  various 
degrees  of  carbonisation,  which  were  subjected  to  the  blows  of  a  heavy 
ram  until  broken.  The  axles  were  all  turned  to  3*94  inches  diameter 
at  the  centre  and  4*25  inches  at  the  ends,  and  were  supported  on 
bearings  3  feet  apart,  as  shown  in  Figs.  7  and  10,  Plate  35  ;  they  were 
reversed  at  intervals  when  considerably  bent  by  the  blows  of  the  ram, 
as  shown  by  Figs.  8  and  9.  The  ram  weighed  1547  lbs.  or  nearly 
14  cwts.,  and  was  dropped  on  the  centre  of  the  axle  from  a  height 
commencing  at  1  foot  and  increasing  at  each  successive  blow  up  to 
36  feet  fall,  unless  the  axle  was  broken  at  a  previous  blow. 
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Table  11  gires  the  detail  of  the  experiment  on  an  axle  of 
H'o.  4  steel,  containing  ahont  -^  per  cent,  of  carbon ;  showing  that  it 
stood  5  blows  of  the  ram  falling  from  36  feet  height  before  breaking, 
mfler  12  blows  from  lower  heights  of  fall,  and  the  sum  of  all  the 
de&ctions  produced  bj  the  blows  amounted  to  56  inches. 

TABLE  11. 

Detail  of  Experiment  on  Transverse  Strength 
of  Axle  made  of  No.  4  SteeL 


I    Vol  oT  Bbv. 

Hei^tofFalL 

Deflection. 

\ 
1 

Before  blow. 

After  blow. 

Effect  of  blow. 

Teet. 

Inchei. 

Inchei. 

Inches. 

1 

1 

—    0-00 

w     0-19 

0-19 

2 

2 

v^     019 

^     0-68 

0-84 

3 

8 

w    0-68 

w     112 

0-59 

4 

'4 

^    1^12 

—    000 

112 

5 

5 

—    O'OO 

w     119 

119 

6 

7i 

^     119 

w     219 

1-00 

7 

10 

^    219 

—    0-00 

2-19 

8 

124 

—    0-00 

w    219 

219 

9 

15 

^    2-19 

w    0-75 

2-94 

10 

20 

/-s    0-75 

w    800 

8-76 

11 

25 

^    800 

w     1-60 

4-50 

12 

"80 

^    1-60 

w    8-81 

5-81 

13 

86 

/-s    8-81 

^    287 

619 

14 

86 

/-N    2-87 

s^    8-75 

6-12 

15 

86 

/-N    8-75 

w    2-81 

606 

16 

86 

/-s    2-81 

^    8-88 

619 

17 

86 

^    8-88 

w    2-26 

618 

18           j 

86 

/-s    2-26 

*  broken 

•  •  ■ 

• 

Su 

m  of  Deflections 

56'00 
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Table  III  gives  the  general  results  of  the  series  of  experiments 
made  in  a  similar  manner  to  the  above,  with  axles  of  the  Beyenl 
varieties  of  steel ;  showing  the  total  number  of  blows  required  to  break 
each  axle,  the  number  that  it  sustained  with  36  feet  fall  of  the  ram 
before  breaking,  and  the  sum  of  all  the  deflections  produced.  Three 
wrought  iron  axles  were  also  tried  in  the  same  waj,  one  of  the  best 
faggotted  axles  that  could  be  procured,  and  two  scrap  iron  axles. 

TABLE  III. 

Transverse  Strength  of  Axles  made  of  Steel 
containing  different  proportions  of  Carbon. 


Material  of  Asia. 

Praporfion 
of  Carbon 

(appradmate.)* 

Total 
number 
of  Bkma. 

Hcdgbt 

ofm 

in  last  blow. 

Number  of 
blova  iaatained 

firom 
86  feet  height 

SOH 

of 
DefleetioBi. 

Per  eenL 

Feet 

Inehea. 

SteolNo.    2 

0-38 

17 

86 

4 

58*81 

No.   4 

0-48 

18     - 

-      86 

5 

66-00 

No.   ff 

0-48 

'     •»■• 

86 

5 

58-56 

No.   6 

0-58 

15 

86 

2 

85-06 

No.    7 

0-68 

16 

86 

8 

88-81 

No.    8 

0*68 

18 

86 

5 

46-00 

No.  10 

0-74 

16 

86 

8 

40-81 

No.  IS 

.    0*84 

10 

20 

0 

8*56 

No.  15 

1-00 

8 

m 

0 

4*81 

No.  20 

1*26 

10 

20 

0 

6-94 

Best  wrought  iron 

••• 

18  ♦♦ 

86 

0 

81-19 

Sonipiron 

••• 

5 

5 

0 

2-00 

Scrap  iron 

••• 

6t 

5 

0 

8-69 

*  The  intermediate  figures  in  this  oolunm,  from  No.  4  to  No.  15  induslTei  are 
merely  approximate,  being  interpolated  in  proportion  to  the  numbers  of  the  steel 

**  Craoks  began  to  ehow  at  the  tenth  blow,  with  20  feet  height  of  fall,  and 
inoresfied  at  each  subsequent  blow. 

t  Two  large  craoks  opened  at  the  fifth  blow,  therefore  it  was  considered 
praotioaUj  broken. 


BTRSHQTH   OF   dTBEL.  16d 

From  these  experimenta  it  appears  that,  for  bearing  sudden  and  heavy 
UowB,  without  r^ard  to  rigidily,  the  metal  cannot  contain  too  little 
cazixo,  provided  it  be  pore  and  ^  there  be  perfect  cohesion  of  the 
putides.  These  qnalities  however  cannot  exist  to  the  required 
degree  in  wronglit  iron  or  puddled  steel,  as  shown  by  the  experiment 
lith  the  wrought  iron  axle  in  the  above  table ;  and  are  to  be 
ibond  onlj  in  cast  steel,  which  must  contain  at  least  enough  carbon  to 
render  it  sufficiently  fluid  in  melting.  The  steel  melting  process  alone 
eu  effectoaUy  rid  the  metal  of  ihe  impurities  that  were  contained  in 
the  iron  from  which  it  is  made. 

There  is  nothing  more  deleterious  to  iron  or  steel  than  overheating 
<x  too  many  heatings,  and  the  writer  believes  that  all  welding  affects 
the  quality  of  the  metal  more  or  less  injuriously.  Cast  steel  has  the 
great  advantage  of  being  less  liable  than  any  other  metal  in  general 
use  to  become  crystallised  by  vibration.  It  has  already  a  natural 
oystal,  and  the  resolt  of  the  writer's  experience  is  that  its  crystal 
ctt  be  changed  into  a  weak  fom^  only  by  being  overheated.  Cast 
■ted  and  Swedish  wrought  iron  have  been  placed  where  they  were 
•objected  equally  to  continual  blows,  concussions,  and  vibrations  ;  and 
the  east  steel  was  found  to  stand  for  a  long  period  without  change  of 
ciTitel,  where  the  Swedish  iron  broke  very  soon,  showing  great 
in  its  form  of  crystallisation. 


¥br  most  mechanical  purposes  the  best  matmal  in  practice  is  one 
te  eoB^ines  the  power  of  remsting  a  tolerably  high  tensile  as  well  as 
traasfttBe  strain  ;  one  that  will  bear  a  tension  of  about  45  to  50  tons 
per  aqoiie  inch  will  generally  be  quite  strong  enough,  and  will  be 
Mow  the  point  at  which  brittieness  from  too  great  rigidity  begins. 
Qe  Mlowing  Table  IV  gives  a  comparison  of  the  preceding  Tables 
Ind  m,  and  shows  that  such  a  material  is  found  in  the  steel 
Hot.  8  to  10,  eontaining  about  §  to  |  per  cent,  of  carbon.  There  are 
ef  eoorte  purposes  where  a  specially  ductile  ot  specially  rigid 
material  should  be  employed,  but  the  latter  should  be  used  only 
where  it  is  not  liable  to  be  subjected  to  sudden  concussions. 


164 


STBBNOTH   OF    STBBL. 


TABLE  IV. 

Transverse  and  Tensile  Strength  of  Steel 
containing  different  proportions  of  Carbon. 


Description  of  Steel. 

Proportion 

of  Carbon 

(approximate.)* 

TSANSVSKSC.                                   TCIfSILS. 

Sum 
of  Deflections. 

Breaking  Strain 
per  square  inch. 

EkmgatioiL. 

No.    2 
No.    4 
No.    5 
No.    6 
No.    7 
No.    8 
No.  10 
No.  12 
No.  15 
No.  20 

Per  cent. 
0-33 
0-48 
0-48 
0-53 
0-68 
0-63 
0-74 
0-84 
1-00 
1-25 

Inches. 

58-81 

6600 

53*56 

8506 

38-81 

4600 

40-31 

8-56 

4-31 

6*94 

Tons. 
30-4 
840 
87-6 
42-5 
41-5 
45-0 
45-6 
65-0 
600 
690 

Inch. 
1-37 
1-37 
]'25 
112 
0-81 
1-00 
0-69 
112 
1-00 
0-62 

*  The  intermediate  figures  in  this  oolumn,  from  No.  4  to  No.  15  inclusiye,  are 
merely  approximate,  being  interpolated  in  proportion  to  the  numbers  of  the  steeL 

The  superior  strength  of  cast  steel  cannot  be  better  illastrated 
than  by  stating  that  castings  of  steel,  withoat  hammering,  rolling, 
or  other  means  of  mechanical  compression,  show  a  very  high  degree  of 
strength  and  tenacity,  far  above  that  of  castings  of  any  other  metal 
in  practical  use.  Advantage  is  taken  of  this  property  to  make  bells 
of  cast  steel,  one  third  lighter  than  bronze  bells  of  the  same 
diameter ;  and  these  lighter  steel  bells  still  bear  double  the  breaking 
strain  of  the  bronze  ones.  Another  feature  in  the  superior  strength  of 
castings  in  steel  is  that  they  are  not  so  liable  as  other  metals  to  break 
when  subjected  to  concussions  during  intense  frost,  as  proved  by  the 
fact  that  the  cast  steel  bells  have  been  rung  without  the  least  injury  in 
Russia  and  in  Canada,  when  the  thermometer  ranged  lower  than  20^ 
below  zero  Fahr. ;  while  the  heavier  and  thicker  bronze  bells  could  not 
be  rung  in  the  same  temperature  without  cracking. 

The  same  properties  have  also  led  to  the  manufacture  of  cast  steel 
disc  wheels  with  tyres  in  one  solid  body,  for  railway  carriages  and 
engines.     One  of  these  disc  wheels  was  tested  in  the  manner  shown 
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in  Fig.  11,  Plate  85  :  the  wheel  was  put  npon  an  axle  fixed  firmly  in  , 
iwtringB  at  each  end,  and  the  ball  E  weighing  880  lbs.  or  nearly 
7|  cwtB.,  flospended  by  an  iron  rod  24  feet  long,  as  shown  in  the 
dnwing,  was  drawn  back  and  let  fall  so  as  to  strike  the  wheel  on  the 
oatdde  of  the  rim  or  tyre.  The  wheel  was  struck  nine  blows 
iiKieauog  from  1  foot  to  14  feet  in  vertical  height  of  fall,  after  which 
the  axle  was  so  much  bent  that  the  ball  conld  not  strike  the  wheel. 
The  axle  was  then  sinraightened  by  striking  the  wheel  on  the  opposite 
flde,  and  was  propped  np  to  prevent  bending  again ;  and  two 
fflfire  UowB  were  atmck  from  the  height  of  15  and  16  feet,  without 
OQEmg  any  damage  to  the  wheel. 

The  results  of  all  the  experiments  that  have  been  described  show 
that  cast  steel,  which  even  to  the  present  time  is  considered  by  many  a 
Isitde  material,  fit  only  for  a  cutting  instrument,  is  in  fact  a  metal 
hinsg  not  only  all  the  good  and  desirable  properties  of  wrought  iron 
in  a  higher  degree,  but  at  the  same  time  freedom  from  most  of  the 
{^^jeetiooable  properties  of  the  latter,  and  admitting  of  being  employed 
^  ereiy  f mechanical  purpose  where  great  ductility,  tenacity,  and 
tnaivene  strength,  are  required. 

h  reference  to  the  specific  gravity  of  steel  as  affected  by  the 
pn^ortion  of  carbon  it  contains,  chemists  and  scientific  writers  have 
generally  given  the  specific  gravity  of  steel  as  about  7*850  and  of 
^nva^i  iron  about  7*650,  that  of  water  being  1000  ;  which  leads  to 
the  aftrence  that  the  addition  of  carbon  to  iron  has  the  effect  of 
increanig  its  density,  and  such  is  the  general  opinion  at  present. 
The  ccntrary  however  has  been  found  by  the  writer  to  be  the  fact, . 
cfi&ely  that  pure  iron  decreases  in  density  the  more  carbon  there  is 
<:<ioifaiBed  with  it.  The  low  specific  gravity  of  wrought  iron  above 
fftsted  must  ^erefore  have  been  obtained  from  common  English 
smduot  iron,  a  piece  of  which  gave  a  specific  gravity  of  7*644, 
v^Bch  very  nearly  agrees  with  that  above  mentioned  ;  and  must  be 
o'^inng  to  the  impurities  contained  in  the  iron.  The  specific  gravity  of 
coe  of  ibe  purest  and  softest  Swedish  irons  is  7*894 ;  and  that  of  the 
iron  fnmi  which  the  steel  was  made  for  all  the  experiments  that 
hAve  been  described  above  is  about  7*860.     Table  Y  gives  the  specific 
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gravities  as  ascertained  by  experiment  of  the  sneoessive  gradations  of 
steel,  from  No.  2  containing  about  J  per  cent,  of  carbon  up  to  No.  20 
containing  about  1|  per  cent.,  the  results  having  been  all  obtained 
with  pieces  of  metal  of  considerable  size,  varying  from  2|  to  4}  oz. 

in  weight. 

TABLE  V. 

Specific  Gravity  of  Steel 
containing  different  proportions  of  Carbon. 


DflMripti<m  of  steel. 

Propertian  of  Carbon 
(approximate.)* 

Spedfle  6nniC7. 

Swedlflh  Iron,  pure  and  soft 

Iron  from  which  the  Steel  waa  made 

Per  cent. 

•  ■  • 

•  «  • 

7-894 
7-860 

8t4%1No.    2 
No.    4 
No.    6 
No.    6 
No.    7 
No.    8 
No.  10 
No.  12 
No.  15 
No.  20 

0-33 
0-43 
0-48 
0-63 
0-68 
0-63 
0-74 
0-84 
1-00 
1-25 

7-871 
7-867 
7-866 
7-865 
7-862 
7-848 
7-847 
7-840 
7-836 
7-823 

Puddled  Steel,  for  melting  purposes 
Oast  Iron,  mean  of  best  authorities 

2|to7 

7-824 
7-204 

*  The  intermediate  figures  in  this  column,  from  No.  4  to  No.  15  tndlnjslTe,  are 
merely  approximate,  being  interpolated  in  proportion  to  the  numbers  of  tiie  steel. 

• 

The  specific  gravities  of  the  steel  No.  2  and  ^o.  4  are  here  seen,  to 
be  greater  than  that  of  the  original  iron ;  bat  this  may  he  attributed  to 
the  iron  being  freed  from  imparities  in  the  melting.  The  conclusion 
therefore  derived  from  the  above  figares  is  that  every  snooessiTe 
addition  of  carbon  to  pure  iron  renders  the  metal  less  dense  or 
diminishes  its  specific  gravity. 
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Mr.  YiOKERB  exhibited  a  number  of  strips  of  steel  plate  -^  inch 
thick,  which  had  been  tested  to  show  how  far  they  could  each  be  bent 
before  cracking,  when  containing  different  proportions  of  carbon. 
Also  a  large  cast  steel  pinion,  and  one  of  the  steel  axles  that  had.been 
tested.  After  testing  the  axles,  he  had  rolled  down  the  broken  pieces 
into  plates  ^  inch  thick,  and  tried  them  by  bending,  as  shown  by  the 
other  specimens  exhibited.  The  softest  steel,  called  No.  2  in  the  tables 
of  experiments,  had  a  tensile  strength  of  only  80  tons  per  square  inch,. 
bat  the  test  plate  made  of  it  bore  bending  double  without  cracking, 
showing  a  great  degree  of  toughness ;  while  the  most  highly  carbonised 
qnaliiy,  No.  20,  had  the  greatest  tensile  strength,  i^ounting  to 
69  tons  per  square  inch,  but  was  so  brittle  that  it  snapped  asunder 
vithoat  bending  more  than  about  45^  out  of  the  straight  line,  as 
ihovn  by  the  specimen  exhibited.  For  the  experiments  on  axles,  in 
order  to  obtain  the  most  correct  results  from  wrought  iron  axles  for 
oompuison  with  those  of  steel,  he  got  the  best  wrought  iron  axle  he 
oodd  of  the  regular  faggotted  make  from  a  railway  company,  and  also 
tvo  scrap  axles  from  makers  who  knew  they  were  going  to  be  tested ; 
^  the  last  two  turned  out  worse  than  had  been  expected,  and  much 
iakatx  to  the  first,  as  seen  from  the  table  of  experiments. 

One  circumstance  to  be  noticed  respecting  the  mode  of  testing  the 
took  strength  of  bars  was  that  the  results  obtained  with  long  test 
Wb  were  different  from  those  given  by  short  ones.  In  a  number  of 
^^^cnments  upon  this  point  he  had  found  it  to  be  regularly  the  case 
^  if  the  test  bar  were  turned  down  to  the  required  diameter  at  one 
peat  only  of  its  length  it  would  stand  one  third  more  strain  than  if 
honied  down  to  the  same  diameter  throughout  a  length  of  14  inches. 
Bus  WIS  a  fact  of  much  importance,  as  affecting  the  value  of  many 
eipetimentB. 

Mr.  H.  Maitdslat  observed  that  in  turning  down  a  long  length  of 
the  test  bar  each  part  of  that  length  was  subjected  to  the  strain,  and 
therefiire  the  test  was  exposed  to  all  the  chances  of  weak  places 
^^Qoining  from  irregularity  in  make  of  the  bar  at  any  point  of  its 
length;  but  when  the  bar  was  turned  down  at  one  part  only,  the 
c^tttee  of  breaking  at  a  weak  place  was  confined  to  that  small  length 
only. 
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Mr.  VicKBRs  thought  the  result  could  not  be  merely  an  average 
of  chances,  for  he  had  noticed  that  the  bar  was  always  stronger  when 
turned  down  at  one  point  only,  in  the  manner  described.  He  thoaght 
it  might  arise  from  the  strain  producing  a  greater  effect  in  stretchmg 
the  bar  and  reducing  its  diameter  when  turned  down  of  unifonn 
diameter  for  a  long  length,  since  steel  always  stretched  considerably 
before  breaking.  The  breakage  occurred  howeyer  at  various  points 
in  the  length  turned  down,  not  at  the  centre  only. 

The  Chairman  enquired  whether  the  steel  axles  were  in  use  on  any 
railways. 

Mr.  YioKERS  replied  that  steel  axles  were  used  almost  univerBally 
on  the  German  railways,  and  also  steel  tyres  and  wheels.  A  number 
of  the  steel  axles  of  the  make  now  shown  were  in  use  there,  and 
some  of  the  cast  steel  wheels.  Very  few  steel  axles  had  yet  been 
tried  in  England,  but  many  steel  tyres  were  now  used. 

Mr.  R.  Williams  observed  that  the  number  of  blows  sustained  by 
the  axles  from  the  maximum  heig^^'in  the  experiments  represented 
only  a  small  portion  of  their  strength,  since  the  axle  was  rmdered 
much  weaker  by  being  reversed  between  each  blow. 

Mr.  B.  FoTHBROiLL  asked  what  amount  of  heating  took  place  in 
the  axle  during  testing,  and  whether  any  means  were  taken  to  cool  it 
between  the  blows.  In  some  experiments  upon  the  fracture  of  axles 
he  had  found  the  heating  considerable,  and  thought  it  was  not  a  fair 
test  to  continue  the  blows  when  the  axle  had  got  hot,  since  its 
strength  would  then  be  affected. 

Mr.  YiORBRS  did  not  think  the  heat  in  these  experiments  had 
been  of  any  importance,  as  the  testing  of  each  axle  occupied  2  or  3 
hours,  on  account  of  the  time  taken  up  in  raising  the  weight  between 
each  blow  ;  and-the  axle  lost  its  heat  so  rapidly  during  the  interval  as 
never  to  require  cooling. 

Col.  Kbnitedy  enquired  what  was  the  elastic  strength  of  the 
different  qualities  of  steel,  or  the  limit  to  which  they  could  be 
stretched  without  taking  a  permanent  set.  He  thought  it  was  of  more 
importance  to  know  this  than  the  ultimAte  breaking  strength. 

Mr.  ViGRBRS  said  he  had  not  ascertained  the  elastic  limit  of  the 
steel  in  the  experiments. 
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Mr.  E.  BiLBT  aeked  what  iron  the  steel  Was  made  from,  and 
hcmfuii  was  free  from  carbon  in  ite  original  state  previouB  to  being 
oonreried  into  steel. 

Mr.  YioKEBS  said  the  iron  nsed  was  Swedish  iron,  which  he  had 
tested  preTxonslj  and  belieyed  to  be  as  free  from  carbon  as  possible. 

Mr.  £.  RiLBT  doubted  the  freedom  of  the  iron  from  carbon,  and 
bdiered  a  small  quantity  of  carbon  was  essential  in  wrought  iron, 
lithoat  which  it  was  uaeless.  From  experiments  he  had  made  he  had 
foond  that  the  best  wrought  iron  after  being  melted  was  always  red- 
short  tnd  would  not  work  at  all,  but  was  useless  as  wrought  iron ; 
ifid  ooDsidered  this  was  due  to  its  being  deprived  of  the  small 
peroentage  of  carbon  it  contained  by  the  scale  on  its  surface  and  the 
air  m  the  melting  pot.  He  had  also  found  experimentally  that  fused 
nought  iron  from  the  best  ores  was  red-short  and  useless  whei^  made 
by  rcdodog  them  with  too  small  an  amount  of  carbon,  so  as  to  leaye 
oxide  of  iron  in  the  cinder,  whi<^  preyented  any  carbon  from  combining 
vith  the  iron.  This  defect  however  was  easily  remedied  by  adding 
wboret  of  manganese,  which  supplied  the  requisite  amount  of  carbon ; 
nd  moreoyer  the  oxide  of  manganese  produced  acted  also  as  a  useful 
fax  in  aeparating  some  of  the  impurities  contained  in  the  iron :  the 
addition  of  1  per  cent,  of  carburet  of  manganese  to  fused  wrought  iron 
v«de  the  iron  work  well,  and  preyented  its  being  red-short. 

The  Chaibman  knew  no  question  of  so  much  importance  to 
'I'gbeen  as  the  effect  of  carbon  on  iron  and  steel,  since  the  various 
^T^Afoia  of  both  depended  mainly  on  the  proportion  of  carbon 
CMBbbed  with  them.  A  base  of  doubt  still  hung  over  the  subject, 
ttd  called  for  further  investigations  to  clear  it  away  ;  but  the  period 
VM  now  dawning  when  iron  could  be  used  in  the  form  of  mild  cast 
steel,  and  an  age  of  steel  appeared  likely  to  supersede  that  of  iron. 
Tabulated  experiments  giving  definite  results,  such  as  those  in  the 
paper,  were  the  most  efficient  means  of  solving  the  question ;  and 
Hich  information  placed  in  the  hands  of  engineers  was  of  special  value  in 
e&abting  them  to  draw  their  own  conclusions  from  the  results  obtained. 

He  moved  a  vote  of  thanks  to  Mr.  Yickers  for  his  paper,  which 
»»8  passed. 
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The  Meeting  was  then  adjonmed  to  the  next  day. 

in  the  afternoon  the  Members  visited  the  works  of  Messrs.  Naylor 
Yickers  and  Co.,  where  the  process  of  casting  a  large #eteel  crank  axle 
was  shown,  the  steel  for  which  was  melted  in  70  pots  and  poured  into 
a  casting  ladle  fixed  above  the  mould,  whence  it  was  run  into  the 
mould  by  lifting  a  plug  in  the  bottom  of  the  ladle.  One  of  the  solid 
cast  steel  disc  wheels  which  had  previously  been  tested  as  described 
at  the  meeting  was  broken  to  show  the  soundness  and  quality  of 
the  steel ;  and  a  number  of  the  cast  steel  bells  were  also  exhibited 
and  rung. 

The  Members  then  visited  the  works  of  Messrs.  John.  Brown 
and  Co.,  to  see  the  rolling  of  the  armour  plates ;  and  the  plates  that 
had  been  fractured  in  the  experiments  described  at  the  meeting  were 
shown.  At  these  works  also,  and  at  those  of  Messrs.  Bessemer 
and  Co.,  the  Bessemer  process  of  manufacturing  cast  steel  by  direct 
conversion  from  crude  pig  iron  was  seen  in  operation  ;  and  a  nnniber 
of  specimens  were  shown  of  the  raik  and  boiler  plates  &c.  made  from, 
the  steel. 

A  number  of  thei  principal  manufacturing  establishments  in  the 
town  and  neighbourhood  were  also  opened  to  the  inspection  of  the 
Members. 


The  Adjoubned  MflSTiNa  of  the  Memibers  was  held  in  the  Mnsic 
Hall,  Surrey  Street,  Sheffield,  on  Thursday,  1st  August,  1861  ; 
Sir  William  G.  Armstbono,  President,  in  the  Chair. 


The  following  paper  was  read ; — 


•*!. 
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ON  THE  CONSTRUCTION  AND  ERECTION 

OF     IRON     PIERS    AND    SUPERSTRUCTURES 

FOR  RAILWAY   BRIDGES  IN  ALLUVIAL  DISTRICTS. 


Bt  L^.-COLOJfSL  J.  p.  EENKEPYi  OF  LoimON. 


Hie  object  of  tbe  present  paper  is  to  consider  the  most  eligible 
eonstniction  for  the  Piers  and  Superstructares  of  Railway  Bridges  in 
iIlnTial  districts,  as  regards  economy  in  first  cost,  and  facility  and 
economy  of  erection  in  the  colonies,  in  situations  where  the  supply  of 
skilled  labour  and  mechanical  appliances  are  very  limited :  and  more 
especially  in  reference  to  the  extension  of  railways  as  a  means  of 
Volitating  the  industrial  development  of  the  British  colonies. 

The  mntnal  dependence  of  the  several  portions  of  the  British 
empire  renders  it  a  matter  of  great  importance  to  all  branches  of 
trade  and  manufactures  tiiat  the  greatest  possible  facilities  should  be 
famished  for  transport  and  intercourse  in  the  colonies ;  and  that 
aaoannnications  should  be  opened  in  the  most  rapid  and  economical 
manner,  for  enabling  colonial  produce  to  reach  the  seats  of  manufacture. 
Hie  importance  of  this  is  especially  seen  when  it  is  considered  what  a 
great  and  rapidly  increasing  portion  of  the  total  exported  manufactures 
of  this  conntry  finds  its  market  in  the  colonies  and  particularly  in 
Ib&,  and  bow  rapidly  this  increase  has  progressed  since  improved 
of  communication  have  been  adopted  for  conveying  the 
into  the  interior  of  the  country,  and  giving  an  outlet  for 
tbe  nativ-e  produce  and  raw  materials.  Borne  remarkable  facts  are 
fibown  hy  a  comparison  of  the  consumption  of  British  manufactures  by 
tbe  colonies  and  by  the  rest  of  the  world ;  the  total  population  of  the 
Brittab  empire  being  now  more  than  206  millions,  or  as  much  as 
l-Sth  of  the  whole  population  of  the  globe,  of  whom  6-7ths  are 
eotomats.  The  consumption  of  British  exports  by  the  colonies  is  more 
titMu  jujf  115  mncdi  as  that  by  all  other  countries,  and  even  in  the 
pnseot  de&dency  of  the  required  facilities  of  communication,  their 
ftminmntion  hna   trebled  in  Ihe  last  twelve  years,  while  that  of  the 
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other  conntries  has  only  doubled  in  the  same  time :  although  in  India, 
from  the  great  deficiency  in  means  of  communication,  the  average 
annual  consumption  by  the  whole  population  was  only  Is.  2d,  per  head 
iri  1855,  increasing  to  2«.  3^^.  per  head  or  nearly' double  in  1859; 
whilst  in  Australia  it  amounted  to  more  than  £8  per  head,  and 
to  between  £1  and  £4  per  head  in  the  other  British  colonies.  The 
great  step  in  improving  the  means  of  internal  communication  has  been 
the  introduction  of  railways,  which  have  commenced  an  entirely  new 
era  in  the  development  of  the  resources  of  these  countries ;  and  since 
the  first  starting  of  railways  in  India  in  1849  a  remarkable  advance 
has  taken  place.  The  annual  consumption  of  British  produce  has 
increased  from  4 J  millions  sterling  in  the  previous  year  to  10  millions 
in  1855,  and  to  19|  millions  in  1859;  the  value  to  this  country 
having  thus  been  quadrupled  within  eleven  years,  and  even  doubled 
within  the  four  years  ending  in  1859,  including  the  period  of  the 
mutiny  with  all  its  deranging  effects  on  commerce. 

In  the  employment  of  railways  for  this  object  a  consideration 
of  great  moment  is  the  mode  of  construction  of  the  piers  and  super- 
structures of  the  bridges,  which  form  so  large  a  portion  of  the  works  of 
a  railway  in  many  parts  of  India  and  other  colonies  ;  the  construction 
of  the  piers  especially  having  a  particular  bearing  in  alluvial  districts 
upon  the  practicability  and  cost  and  the  consequent  success  of  the  line. 
A  good  illustration  of  this  important  subject  is  afforded  by  the  works 
completed  and  in  progress  in  the  construction  of  the  Bombay  and 
Baroda  Railway  in  India,  with  which  the  writer  is  connected ;  where 
a  special  construction  has  been  adopted  for  the  bridge  piers  and 
superstructures,  in  order  to  meet  the  difficulties  of  the  alluvial  district 
through  which  the  railway  passes,  and  attain  facility  and  rapidity  of 
erection  combined  with  economy  in  total  cost. 

Most  of  the  Indian  railways  take  their  course  through  rich  alluvial 
plains  and  valleys  where  there  is  only  one  important  natural  impediment 
to  their  construction,  consisting  in  the  bridging  of  the  rivers,  many 
of  which  must  be  crossed  within  tidal  infiuence  ;  and  all  of  them  are 
swept  by  fierce  monsoon  currents,  while  their  beds  in  general  offer  the 
worst  class  of  foundations  for  the  construction  of  masonry  piers.    Thej 
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thas  combine  the  greatest  impediments  to  the  erection  of  the  nsnal 
description  of  masonry  hridges.  The  great  cost  of  erecting  a  bridge 
icross  the  Thames  at  London  is  generally  known ;  and  yet  in  that 
case  there  are  the  best  engineering  talent  and  the  greatest  mechanical 
lid  immediately  within  reach  ;  and  although  the  natural  impediments 
are  of  the  same  class,  they  are  far  inferior  in  degree  to  those  met  with 
in  Indian  riyers. 

Hie  line  of  country  traversed  by  the  Baroda  Railway  in  its  level 

coarse  of  310  miles  from  Bombay  to  Ahmedabad  is  more  intersected 

bj  rivers  of  the  above  character  than  any  other  railway  in  India.     So 

vast  did  the  difficulties  appear  that  the  very  practicability  of  constructing 

the  line  was  seriously  disputed ;   and  not  without  reason,  if  it  were 

issomed  that  the  bridge  piers  must  be  executed  upon  the  old  stereotyped 

ffiisonryplan,  and  that  the  engineer  would  not  adopt  those  modem 

ttd  well  tested  improvements  that  were  applicable  to  the  case.     To 

those  however  who  knew  the  precise  nature  of  the  local  difficulties 

18  well  as  the  modem   engineering  improvements   by   which   they 

conld  be  surmounted,  it  was  clear  that  this  line  could  be  effectually 

»nd  economically  executed,  provided  such  modem  improvements  were 

^lied :  but  by  no  other  means  could  a  maximum  financial  return  for 

tb  outlay,  which  ought  to  be  the  first  principle   in   engineering, 

t-e  secured.     The  object  was  therefore  to  show  that  it  was  practicable 

to  orercome   with   rapidity   and    economy    the   great   characteristic 

^^itcnlty  opposing  the  constraction  of  Indian  railways,  even  where 

ffl«t  prominently  encountered.     The  writer  accordingly  proceeded  to 

'sontain  first  all  the  engineering  and  financial  requirements,  and 

to  ifirestigate  the  comparative  merits  of  all  well  tested  improvements 

calenlated  to  meet  them ;  whence  it  was  ultimately  concluded  that  to 

bridge  Indian  rivers  in  alluvial  districts  on  the  old  principle  of  masonry 

or  brickwork  would  be  both  tedious  and  minous  to  the  undertaking  ; 

hat  that  the  most  difficult  rivers  so  situated  may  be  economically 

bridged  by  adopting  wrought  or  cast  iron  for  the  piers,  and  wrought 

iwtt  in  the  superstructures.     The  writer  finally  arrived  at  one  pattern 

of  bridge,  admitting  of  extension  or  contraction  to  meet  all  the 

variations  of  circumstances  that  occur  in  such  cases,  as  to  height  or 

^^'igth  of  bridge  and  depth  and  nature  of  foundations. 


174  INDIAN    RAILWAY   BR1DOK8. 

The  several  applications  of  the  plan  to  the  different  sitoationfi  that 
are  met  with  are  shown  in  Plates  36  to  39.  Fig.  1,  Plate  36,  is  a 
general  eleyation,  and  Fig.  2  a  transverse  section,  of  the  Taptee 
bridge,  1891  feet  long,  spanning  a  rapid  tidal  river ;  and  Fig.  3  gires 
the  section  of  the  bed  of  the  river  with  the  variations  in  depth  enlarged 
eight  times,  showing  the  applicability  of  the  same  constmction  of  piers 
thronghont  the  entire  length  of  the  bridge. 

Fig.  4,  Plate  37,  shows  the  construction  of  piers  adopted  in  strong 
tidal  rivers,  snch  as  the  Taptee  and  Nerbadda  rivers,  where  the  depth 
of  floods  reaches  from  40  to  60  feet  with  a  velocity  of  6  to  10  miles 
per  hour,  and  the  force  of  the  current  acting  alternately  in  opposite 
directions  on  the  piers  requires  the  addition  of  oblique  piles  to  act  as 
struts  on  both  sides  of  the  piers.     The  piers  are  composed  of  hollow 
cylindrical  cast  iron  piles,  of  1  inch  thickness  of  metal  and  2  feet 
6  inches  outside   diameter,  cast  in  9  feet  lengths  weighing  about 
1}  tons  each,  as  shown  enlarged  in  Figs.  11  to  14,  Plate  40 ;  these 
are  of  two  principal  patterns,  for  the  portions  of  the  piles  above  and 
below  the  ground.     Those  above  the  ground,  Figs."  13  and  14,  have 
flanges  outside  for  bolting  them  together  by  twelve  1  indi  bolts*, 
while  those  underground,  Figs.  11  and  12,  have  the  flangea  inside, 
bolted  together  by  ten  1  inch  bolts,  and  are  flush  on  the  outside  so  as 
to  offer  no  resistance  in  penetrating  the  ground ;  they  are  large  enough 
inside  to  leave  room  for  a  man  getting  in  to  bolt  the  several  lengths 
together  properly  in   the  process   of  erecting.     The  foundation  is 
obtained  by  one  of  MitchelPs  screws  at  the  bottom  of  each  pile,  of 
4  feet  6  inches  diameter,  which  finds  its  own  foundation  without  the 
expense  of  cofferdams  or  any  other  artificial  preparation  of  the  ground. 
The  upright  piles  are  placed  14  feet  apart  centre  to  centre,  and 
are  sunk  to  a  depth  of  about  20  feet  in  the  ground ;  but  where  the 
ground  is  softer  than  usual  they  are  carried  down  deeper,  as  shown  by 
the  dotted  lines  in  Fig.  4,  to  obtain  the  requisite  strength  of  foundation. 
The  greatest  length  of  pile  used  has  been  45  feet  below  the  ground 
and  72  feet  above.     The  oblique  piles  forming  the  struts  are  inclined 
at  an  angle  of  about  30^  to  the  upright  piles ;   they  are  precisely 
the  some  in  construction  as  the  upright  piles,  and  are  joined  to  the 
latter  at  about  the  ordinary  flood  level  by  a  cap  cast  at  the  proper 
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iflgle,  which  clip6  Die  body  of  the  upright  pile.  The  piles  are  all 
ooimeeted  together  above  ground  by  horizontal  and  diagonal  wrought 
iroo  hruing,  attached  to  lugs  cast  on  the  piles  by  a  pin  at  one  end  and 
s  gih  md  cotter  at  the  other,  as  shown  in  Figs.  18  and  14,  Plate  40 ; 
Figs.  15  to  18  show  sections  of  the  horizontal  T  iron  bracings  A, 
and  the  diagonal  angle  iron  bracings  B.  The  several  parts  of  the 
bndog  act  alternately  as  struts  and  ties  according  to  the  direction  of 
tbe  enireat,  and  in  consequence  of  this  alternate  strain  an  accurate  fit 
of  the  bracing  is  required  ;  to  ensure  this  the  joints  at  one  end  of 
each  are  therefore  left  to  be  done  in  India  from  measurement  on  the 

I 

site,  this  being  the  only  forging  required  in  India.  The  outside  piles 
ue  faced  with  a  double  row  of  timber  as  a  fender  to  protect  them 
agttngt  shocks  from  anything  floating  in  the  water  and  brought  down 
I7  the  current.  The  weight  of  a  single  complete  pier  of  five  piles  for 
two  lines  of  rails,  63  feet  high  from  the  foundations,  is  75  J  tons,  and 
tbe  east  £624  delivered  in  London. 

F^,  5,  Plate  37,  is  a  side  elevation  of  one  of  the  spans  of  the 
^aidge,  shown  to  a  larger  scale  in  Fig.  19,  Plate  41,  showing  the 
coestmetion  of  the  superstructure,  which  is  that  known  as  Warren's 
tbngnlar  system.  Fig.  20  is  a  plan  of  one  roadway,  and  Figs.  21 
tt^  22,  Plate  42,  are  an  enlarged  elevation  of  the  double  standard 
finjmg  the  enda  of  the  girders,  and  a  side  elevation  of  the  girder 
u4  standard.  Figs.  23  to  29,  Plate  43,  are  sections  of  the  bars 
^^wpooBg  the  girders.  This  form  of  girder,  when  manufactured 
^  laeurately  fitted  in  England,  requires  the  smallest  amount  of 
skiOcd  labour  for  its  erection  abroad  on  reaching  its  destination ;  only 
i  kw  piiig  and  bolts  have  to  be  put  in  for  completing  the  girders, 
a&d  the  skilled  labour  required  for  rivetting  box  girders  or  lattice 
gu^  is  avoided.  As  it  is  considered  that  uniformity  of  parts,  as 
^  a*  practicable,  ia  of  as  great  importance  in  bridge  work  as  in  other 
wrhaniad  structurea,  a  uniform  span  of  60  feet  is  adopted  for  all 
the  iron  bridges  on  the  line,  this  being  considered  the  most  economical 
uk  reference  to  the  general  heights  of  the  piers.  One  end  of  each 
P*^  it  fixed  on  the  pier,  while  the  other  «nd  is  left  free  to  move  and 
^^^ned  OB  a  pair  of  small  rollers  C,  Fig,  22,  to  allow  of  expansion 
■*d  extraction.    The  weight  of  the  entire  60  feet  superstructure  for 
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a  single  line  of  rails  is  24  tons,  being  8  cwts.  per  foot  ran ;  and  tbe 
cost  at  the  present  rate  of  iron  is  about  £400. 

Fig.  7,  Plate  88,  shows  the  construction  of  piers  adopted  for 
inland  rivers  with  deep  water,  say  20  to  50  feet  deep,  but  not  tidal, 
where  the  current  is  always  in  one  direction  only,  as  shown  by  the 
arrow.     Here  the  oblique  piles  acting  as  struts  are  required  only  on 
the  lower  side  of  the  bridge,  and  the  timber  fenders  only  on  the  upper 
side.     Fig.  8,  Plate  39,  shows  the  piers  for  inland  rivers  with  shallow 
water  of  not  more  than  20  feet  depth,  where  the  oblique  piles  can  be 
dispensed  with  altogether.     Where  there  is  a  rock  foundation,  the 
screws  are  omitted,  and  the  piles  are  simply  let  into  the  rock  about 
2  feet  and  filled  round  with  cement,  as  shown  in  Fig.  9,  Plate  39, 
allowing  of  great  rapidity  of  erection  in  this  case.    The  position  of  the 
roadway  may  be  either  between  the  main  girders,  or  upon  the  top  of 
them,  as  shown  in  Fig.  10,  Plate  89.    The  upper  position  is  preferable 
for  the  roadway,  because  it  combines  the  effect  of  both  the  main  girders 
in  resisting  forces  that  tend  to  produce  buckling  of  the  compression 
beams.    The  upper  or  lower  position  of  the  roadway  however  is  decided 
by  the  amount  of  headway  under  the  bridge,  or  the  clearance  between 
the  bridge  superstructure  and  the  highest  known  flood  level  of  the 
river,  which  should  not  be  less  than  5  feet.    In  every  case  the  power  of 
the  compression  beams  to  resist  buckling  is  made  ample,  and  a 
horizontal  diagonal  bracing  of  T  iron  is  provided  between  the  cross 
girders  carrying  the  roadway,  as   shown    in    the    plan,    Fig.    20, 
Plate  41,  continued  from  pier  to  pier ;    and  where  the  roadway  is 
on  the  top  of  the  main  girders,  oblique  stays  are  added,  as  shown  in 
Fig.  10,  Plate  89,  to  secure  the  requisite  stability  and  freedom  from 
vibration  in  the  roadway  and  girders. 

A  valuable  proof  of  the  strength  of  the  piers  erected  in  the  manner 
above  described,  as  shown  in  the  drawings,  was  afforded  by  the  exposure 
of  the  Nerbudda  viaduct  on  the  Baroda  line  to  the  monsoon  of  1860 
whilst  still  in  an  incomplete  state,  the  works  having  been  suddenly 
stopped  by  the  cholera  breaking  out  among  the  men.  There  were  at 
the  time  only  two  piles  erected  at  the  last  pier  which  reached  into  the 
middle  of  the  stream,  without  any  oblique  piles  to  serve  as  struts  in 
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siipporting  it,  as  shown  in  Fig.  6,  Plate  37  ;  bat  the  pier  resisted  the 
de^Kst  and  fiercest  current  of  the  river  without  sustaining  any  injury. 
At  this  bridge  greater  rapidity  in  screwing  down  the  pier  piles  was 
Utterly  attained  by  applying  animal  power  direct  at  the  extremities  of 
40  feet  levers  made  fast  to  the  piles,  without  the  intervention  of  crab 
winches  or  other  multiplying  wheels.  Four  of  these  levers,  with 
8  bollocks  yoked  to  each,  were  applied  to  screw  every  pile.  This  plan 
would  be  applicable  to  all  pier  sites  not  permanently  covered  with 
water.  Where  any  considerable  depth  of  water  exists,  the  practice 
iutherto  has  been  to  erect  a  temporary  staging  or  platform  upon 
timber  pfles,  from  which  the  permanent  iron  piles  are  screwed  down 
hj  ft  lerer  and  capstan  worked  by  crab  winches  :  but  probably  a  more 
eeoBomical  mode  would  be  to  use  a  floating  stage  carried  upon  well 
UKhored  pontoons.  The  principal  element  of  strength  in  these  bridge 
piers  is  the  firm  and  accurate  fixing  of  the  horizontal  and  diagonal 
bndngg  between  the  piles  from  the  bed  of  the  river  upwards.  This 
tod  other  necessary  operations  in  deep  water  are  effected  by  submarine 
fiUers  famished  with  Heinke's  diving  helmets  and  dresses,  which  are 
ntdispensable  in  such  cases. 

Previous  to  adopting  the  Warren  system  for  the  bridge  super- 
itractores,  as  shown  in  Figs.  19  and  20,  Plate  41,  the  writer  tested  a 
gilder  of  this  construction  of  60  feet  span  to  the  breaking  point ; 
tod  finding  the  results  generally  satisfactory,  strengthened  the  parts 
^  considerably  in  the  subsequent  designs,  rejecting  all  cast  iron,  and 
iacmang  the  quantity  of  wrought  iron  beyond  previous  practice.  An 
^tioal  strength  was  thereby  obtained  which  has  already  proved  of 
S'^  lervice,  having  enabled  the  Wiswamuntra  bridge  to  resist 
iiKoetsfblly  the  shock  to  which  it  was  exposed  by  an  accident  arising 
^  a  malicious  plot  for  destroying  a  special  train  on  the  17th 
Jtmittj  X861 ;  the  train  was  thrown  off  the  line  by  a  rail  placed 
■ci'Ofis  in  front  of  the  abutment,  and  broke  some  of  the  cross  girders 
supporting  the  rails ;  but  it  was  brought  to  a  stand  without  material 
^UDige  to  the  main  girders  and  without  serious  injury  to  any  one  in 
^  train.  The  regular  test  to  which  the  superstructures  have  been 
raboutted  in  England  was  2  tons  per  foot  run,  or  about  double 
the  naxiinum  load  that  caQ  be  placed  upon  them  in  practice.     This 
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test  load  was  rolled  on  in  trucks  from  a  siding  :  it  caused  a  deflection 
of  only  g  inch  in  the  centre  of  each  60  feet  span,  and  npon  removing 
the  load  the  girders  recovered  their  original  camher  withont  taking 
any  permanent  set.  The  greatest  strain  to  "which  any  portion  of  the 
girders  is  snhjected  under  the  heaviest  practical  load  is  3  J  tons  per 
square  inch  of  section. 

The  piers  and  superstructures  for  95  bridges  on  this  plan  of 
construction  have  now  been  sent  to  India,  comprising  477  spans,  and 
making  about  6  miles  of  viaducts  upon  the  Baroda  Railway  ;  and  the 
trains  on  the  132  miles  opened  within  the  last  year  pass  over  33  bridges 
comprising  215  spans  of  60  feet  each.  There  has  not  been  a  single 
failure  in  the  fotindations  with  the  iron  pile  piers,  though  nev ly  all 
the  foundations  Were  bad;  whilst  the  attempt  to  erect  masonry 
abutments  even  for  10  and  20  feet  spans  has  failed  in  several  instances 
in  similar  localities* 

The  rapidity  of  erection  afforded  by  this  mode  of  oonstroction  is 
well  illustrated  by  the  progress  made  on  the  second  or  central  diTision 
of  the  Baroda  Railway,  extending  over  a  length  of  80  miles  and 
including  the  most  di^cult'  part  of  the  entire  line.     Possession  of  the 
land  for  this  portion  of  the  line  was  obtained  in  October  1858.    The 
average  amount  of  iron  bridge  viaduct  on  the  northern  half  of  this 
division,  including  theit  Taptee  viaduct,  was  twice  the  average  of  the 
whole:  about  40  mile9  in  this  locality,  or  l>8th  of  the  entire  line, 
included   one  quarter  of  the  total  amount  of  bridge  work.     The 
Taptee  bridge,  1891  feet  long,  spanning  a  tidal  river  and  erected  on  an 
alluvial  bed,  shown  in  the  diagram,  Fig.  1,  Plate  36,  was  opened  for 
the  passage  of  trains  in  November  1860,  within  one  year  from  the 
sinking  of  the  first  pile :  this  great  work  ranks  second  in  point  of 
difficulty  on  the  entire  line.    These  40  miles  of  railway  just  completed 
occupied  about  2}  years  in  construction,  including  18  iron  bridges 
making  up  more  than  a  mile  and  a  half  of  viaduct,    whidi    were 
erected  in  only  15  months,  a  remarkable  achievement    in    nulway 
operations.       These    works    being    the    first    of    the    description 
executed  upon  a  large  scale,  the  writer  was  not  able  to  meet  with 
engineers  experienced  in  their  erection.     Only  one  of  the  engineers 
on  the  line  had  previously  erected  a  Warren  girder,  and  only  one 
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hsd  prerionslj  Bonk  a  Bcrew  pile.  None  of  the  others  had  erected 
other  piers  or  superstnictaree  of  this  class ;  yet  in  this  their  jGirst 
^ort  in  the  erection  of  railway  bridges  upon  iron  screw  piles  their 
raeeesB  wis  as  above  stated  ;  and  with  their  increased  experience  they 
on  now  erect  as  many  piers  at  a  time  as  it  might  be  found  adyisable 
to  ctriy  on  simultaneonsly,  each  being  completed  in  a  fortnight ;  and 
they  oonld  cover  the  piers  with  their  superstructures  at  the  rate  of  one 
ipui  in  erery  two  days.  This  rate  of  erection  was  nearly  attained  in 
practice  in  the  constmction  of  the  division  of  the  line  above  referred  to. 
An  important  essential  to  economy  and  rapidity  of  construction  is 
to  provide  beforehand  a  large  proportion  of  the  permanent  way  and 
bridge  materials,  and  to  bave  both  of  them  in  readiness  at  the  proper 
eoBimencing  point  of  the  line  before  the  earthworks  are  undertaken. 
This  precaution  would  add  to  the  economy  of  the  results  by  enabling 
tile  mtterials  to  be  carried  forwards  to  their  intended  sites  along  the 
nihrty  itself  as  soon  as  the  rails  were  laid  on  formation  level ;  and 
vimld  admit  of  rapid  ballasting  as  soon  as  the  earthworks  bad  received 
their  first  rains  or  monsoon  seasoning.  It  would  besides  have  a 
heneficul  effect  in  consolidating  the  banks  by  the  transit  of  heavy  loads 
Fnor  to  the  ballasting  and  before  opening  the  line  for  traffic, 
h  order  to  seenre  the  greatest  regularity  in  the  supply  of  the  materials 
ia  India,  all  the  portions  of  each  pier  and  each  span  of  superstructure 
ikaki  be  shipped  together  in  the  same  vessel. 

The  system  of  construction  now  described  aims  at  maintaining  the 
fRtteet  practicable  uniformity  of  parts  and  the  smallest  variety,  with 
die  greatest  darabiliiy  of  pattern  throughout  all  branches  of  the 
i>dwiy  works.  This  can  only  be  secured  by  well  considered  designs 
^Med  upon  strict  tests.  The  first  templates  should  be  the  best  fitted 
to  their  object  of  any  at  the  time  in  existence,  and  should  be  preserved 
ontil  some  indisputable  improvement  required  a  change.  The  greatest 
jodicuma  uniformity  of  parts  and  designs  is  essential  to  the  greatest 
^ttsnaUe  economy,  rapidity,  and  certainty,  both  in  construction  and 
in  after  working.  On  this  railway  precise  uniformity  has  been 
^BtahBahed  between  the  corresponding  parts  of  every  pier  and  of  every 
P*^  in  its  95  iron  bridges.     Without  such  uniformity  it  would  have 
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been  impossible  to  secure  either  the  greatest  precision  of  mannfactare 
at  home,  the  greatest  rapidity  of  erection  abroad,  or  freedom  from  the 
cost,  inconyenience,  and  delay  which  must  attend  losses  at  sea,  when 
each  work  is  upon  a  special  and  separate  design.    In  erecting  the  work 
each  engineer,  artificer,  and  labourer  becomes  rapidly  accostomed  to 
his  particular  duty  and  acquires  increased  expertness  in  its  performance. 
The  work  at  one  point  being  completed,  the  men  are  moved  to  similar 
operations  elsewhere  with  similar  materials.     The  object  has  been 
to  apply  to  the  construction  of  great  public  works  the  principle  of 
manufacturing  success,  namely  repetition  of  the  same  operations  bj 
the  same  men  throughout. 

From  the  present  state  of  iron  structures  of  this  class  that  haye 
b^en  standing  for  many  years  and  have  been  well  taken  care  of,  their 
probable  duration  for  100  years  may  be  inferred.     This  would  bring 
them  to  between  the  ages  of  the  old  Westminster  and  Blackfirian 
masonry  bridges :  the  former  of  -these  has  for  the  last  six  years  been 
in  process  qf  rebuilding,  and  the  latter  is  awaiting  a  similar  renovation. 
A  comparison  of  the  rate  of  cost  of  the  Baroda  Railway  iron  biidgeB 
with  that  of  the  old  Westminster  masonry  bridge  shows  that  the 
interest  upon  the  capital  saved  by  adopting  the  former  would  in 
about  three  years  amount  to  their  entire  cost,  even  in  the  absence 
of  efifectual  precautions  against  oxidation.      There  is  however  no 
desideratum  in  practical  engineering  of  greater  importance  than  the 
discovery  of  such  a  protection  against  oxidation  as  shall  materially 
extend  the  durability  of  iron  structures. 

The  cost  of  the  entire  construction  of  the  Baroda  line  may  amount 
to  about  £11,000  per  mile;  but  had  the  ordinary  method  of  constructing 
the  bridges  been  adopted,  even  if  at  all  practicable,  the  coat  mast 
have  reached  from  £16,000  to  £18,000  per  mile. 

In  connexion  Yrith  the  railways  now  in  progress  in  India  as  main 
trunks,  and  considering  that  the  country  is  at  present  absolutely 
without  secondaiy  roads  converging  to  them,  it  becomes  important  to 
settle  what  is  the  most  profitable  description  of  secondary  roads  to 
adopt.  That  plan  will  be  best  which  shall  enable  goods  to  be  conveyed 
most  cheaply,  taking  into  account  first  cost,  maintenance,  and  working 
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expenses.  Comparing  an  ordinary  metalled  road  with  a  light  tramway 
capable  of  being  worked  either  by  animal  power  or  by  a  small  locomotive 
eDgine,  the  coet  of  construction  and  the  maintenance  of  the  tramway 
voMj  be  assomed  at  donble  the  amoimt  per  mile  of  the  ordinary  road  ; 
boi  the  tractiye  effect  of  the  same  power  on  the  tramway  woald  be 
eight  times  that  on  the  road,  the  effect  of  gradients  being  the  same  on 
eadL  Comparing  steam  with  animal  power  for  cost  of  traction,  the 
fonner  may  be  taken  at  half  the  cost  of  the  latter  with  four  times  the 
^>ecd.  It  may  therefore  be  considered  that  the  total  cost  of  haulage 
\j  steam  power  on  a  tramway  is  one  half  that  of  animal  power  on  a 
tnmway,  or  one  sixteenth  that  of  animal  power  on  ordinary  roads,  the 
speed  being  four  times  as  great  in  both  cases. 

It  is  satisfactory  that  one  natiye  Indian  prince,  the  Quicowar  of 
Barodi,  has  set  the  example  of  constructing  from  state  funds  a  tramroad 
owrcrging  to  a  tronk  railway,  haying  commenced  a  line  of  20  miles 
ingth  through  a  rich  district  from  Dubboee  to  the  Meagaum  Station 
6B  the  Baroda  line.  This  is  to  be  opened  as  a  horse  tramroad  before 
^Bext  cotton  season.  Mr.  Forde,  the  late  chief  engineer  of  the 
^voda  Hue,  has  undertaken  the  construction  of  this  tramroad  at  a 
ttitof  £1300  per  mile,  using  rails  12  lbs.  per  yard  and  a  2  feet  6  inches 
P^*  In  the  writer's  opinion  both  the  gauge  of  a  tramroad  and 
tbe  leight  of  rail  ought  to  be  considerably  increased  beyond  those 
^^^BoooDs ;  the  gauge  to  be  say  3  feet  6  inches,  and  the  rail  28  lbs. 
P^?iid  at  least.  The  introduction  of  a  minor  class  of  railway  or 
^^vvoad  is  a  question  of  much  importance,  requiring  the  forethought 
ttd  (fistinet  aorangemen t  of  the  government.  It  is  quite  as  essential  that 
>udibna  gauge  of  road,  height  and  gauge  of  buffers,  and  clearance 
P'^j  he,  should  be  established  for  such  minor  roads  as  for  the  main 
^^  lines;  otherwise  there  must  be  endless  and  costly  unloading  and 
reloadiiig  as  Hae  system  becomes  developed. 

hi  eoncfaisioii  it  may  be  observed,  with  reference  to  the  extension 
of  ndhray  communication  in  India  more  especially,  that,  with  due 
H^twi  from  the  government  in  the  construction  and  working 
'naagements,  the  railway  companies  will  find  themselves  in  a  most 
faToaxaUe  position  to  carry  out  their  task,  with  every  element  that  can 
^'care  the  most  satisfactory  results.     Taking  the  Baroda  line  as  a 
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sample,  it  traverses  a  vast  populous  and  most  productire  district; 
its  ruling  gradient  is  1  in  500  ;  the  cost  of  construction  is  expected 
to  average  about  £11,000  per  mile,  or  one  fifth  of  the  rate  of  mncli 
easier  lines  executed  in  England ;  and  it  is  protected  by  the 
establishment  of  a  moderate  rate  of  train  speed.  Such  conditions 
must  ensure  safe  travelling  at  low  fares  for  the  public,  together 
with  a  liberal  remuneration  to  the  shareholders,  and  thus  tend 
to  restore  the  confidence  of  capitalists  in  similar  beneficial  operations, 
so  essential  to  the  progress  both  of  England  and  the  colonies. 


Col.  Kennedy  observed  that  the  extent  of  country  to  be  supplied 
bj  railways  in  India  was  very  great,  averaging  1000  miles  across 
from  west  to  east  and  considerably  more  from  north  to  south.     It  vas 
intersected  by  two  principal  ranges  of  mountains,  the  Vindea  central 
range  running  from  west  to  east,  and  the  Syhadree  range  2000  feet 
high  running  from  the  centre  of  India  southwards  along  the  vest 
coast,    with  a  steep  declivity  towards  the  sea  on  the  western  side 
but  a  gradual  fall  inland  on  the  eastern.     In  the  case  of  the  Bombay 
and  Baroda  line  great  care  had  been  necessary  in  surveying  the 
country  beforehand,  to  make  sure  that  all  branch  lines  intended  to 
be  constructed  afterwards  would  be  practicable,  and  4000  miles  of 
ground  were  examined  before  any  steps  were  taken  in  commencing 
the  works  :  this  was  the  more  important  in  so  mountainous  a  country, 
in  order  to  get  the  best  possible  levels  along  the  entire  course  of  the 
line,  and  the  result  was  a  ruling  gradient  of  1  in  500.    The  population 
of  the  country  and  its  capabilities  of  supplying  produce  were  so 
great  as  to  ensure   an  enormous  traffic  for  all  the  railways,  and 
financial  difficulties  alone  kept  things  back  at  present;    bat  he  was 
convinced  a  dividend  might  be  relied  upon  fully  sufficient  to  secure 
the  requisite  capital  being  raised  without  the  necessity  for  a  govern- 
ment guarantee,  which  formed  as  yet  the  principal  obstacle.     The  vast 
importance  of  ready  communication  through  India  might  be  judged  of 
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from  tiie  fact  that  India  already  consnmed  a  larger  amount  of  British 
piodooe  ihin  any  other  country  ;  hence  it  was  that,  while  her  colonies 
were  the  main  support  of  the  industrial  classes  at  home,  England 
most  look  to  her  colonies  and  to  India  especially  for  the  maintenance 
md  idTanoement  of  that  industry ;  and  faciUty  of  road  traffic  was 
therefore  essential  for  increasing  the  demand  for  home  productions 
aod  &r  returning  larger  supplies  of  raw  material. 

From  the  nature  of  the  country  it  frequently  occurred  in  India 
^t  the  practicability  of  building  a  bridge  in  a  particular  locality  was 
the  ooBflideration  which  determined  whether  there  should  be  a  road  or 
not;  md  the  same  condition  decided  the  question  also  as  to  a  raihway. 
Ik  large  majority  of  the  lines  had  to  follow  the  yalleys  and  to 
son  the  rivers  frequently,  requiring  a  special  construction  of  bridge 
pien  £or  the  alluvial  soil  where  solid  masonry  piers  were  most  costly 
if  not  impracticable.  The  piers  were  thus  of  irital  importance : 
nttoj  kinds  of  superstructure  might  be  adopted,  but  on  the  piers 
fiepended  the  practicability  of  making  the  railway.  Of  the  Thames 
lindges  some  cost  half  a  million  or  more,  although  they  were  only 
^i  900  feet  long ;  but  on  the  Indian  lines  miles  of  bridges  had 
to  be  dealt  with,  which  must  be  strong  enough  to  withstand  the 
teite  Bumsoon  floods  running  at  6  to  10  miles  per  hour.  Hence 
great  strength  and  durability  were  necessary  in  the  bridge  piers^ 
combiDed  with  eheapness  of  construction ;  otherwise  a  railway  could 
B^W  attempted  with  any  prospect  of  a  successful  issue. 

Mr.  C.  Markham  asked  how  the  mode  of  screwing  in  the  piles  by 
>oiBil  power  was  carried  out  with  the  piles  in  the  centre  of  the  river. 

CoL  KxHBBDY  replied  that  the  use  of  animal  power  had  only 
^*ttef]y  been  adopted  at  the  great  Nerbudda  bridge,  where  a  large  part 
of  the  river  bed  was  uncovered  at  low  water,  and  it  was  only  in  such 
sitQstions  that  animal  power  had  been  made  available  direct  by  means 
of « long  lever.  The  general  practice  had  been,  where  the  foundations 
*ve  not  always  under  water,  to  hoist  the  piles  into  the  proper  position 
^  thear  legs  and  hold  them  in  this  position  by  guides  whilst  they 
*^  screwed  into  the  ground  by  a  crab  winch  acting  on  the  end 
^  *  lever ;  but  where  the  ground  was  always  covered  with  water, 
a  staging  was  erected  on  timber  piles  surrounding  the  site  of  the  pier. 
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Mr.  C.  Markham  observed  that  in  the  construction  of  pier  now 
shown  the  centre  pile  would  haye  to  carry  double  the  weight  on  the 
outside  piles  whenever  two  trains  passed  each  other  on  the  bridge,  but 
as  the  centre  and  outside  piles  were  of  the  same  size,  the  pressure  on 
the  foundations  was  unequally  distributed ;  and  he  enquired  why  a 
double  pile  had  not  been  used  in  the  centre,  or  a  single  pile  of  larger 
size,  since  the  pressure  of  the  load  was  entirely  vertical,  and  he  did  not 
think  the  bracing  adopted  would  distribute  it  sufficiently  to  render  the 
strain  equal  on  all  the  piles.  There  had  recently  been  an  instance  in 
America  of  a  timber  railway  bridge  constructed  of  three  girders  of 
equal  strength  breaking  down  under  the  passage  of  two  trains,  in 
consequence  of  the  middle  girder  having  to  carry  half  of  the  entire  load. 

Col.  Kennedy  replied  that  the  strong  diagonal  bracing  of  wrought 
iron  shown  in  the  drawings,  when  accurately  fitted,  carried  the  load 
effectually  on  to  the  side  piles ;  so  that  wherever  the  weight  might  be, 
it  was  equally  distributed  over  the  entire  foundation.  The  centre 
piles  had  been  proved  to  have  ample  strength  for  the  strains  to  be 
resisted;  for  in  erecting  the  Nerbudda  bridge  the  monsoon  floods 
occurred  at  a  time  when  the  piers  had  advanced  into  the  middle  of  the 
river,  and  only  two  piles  had  then  been  erected  in  the  last  pier, 
without  being  thoroughly  braced;  yet  the  pier  withstood  Hie  whole 
force  of  the  current,  though  it  could  have  had  only  a  small  portion  of 
the  strength  possessed  when  completed.  In  the  American  bridge 
referred  to,  the  centre  girder  when  bearing  the  double  load  of  two 
trains  passing  at  the  same  time  would  receive  no  support  from  any 
adjacent  parts  of  the  structure :  but  the  piles  of  the  Baroda  bridge 
piers  were  mutually  supported  by  the  copious  and  aoeorately  fitted 
bracing,  which  necessarily  distributed  the  load  equally  over  the  pile 
foundations. 

The  Ohairhan  thought  the  diagonal  bradng  shown  in  the  drawings 
would  certainly  distribute  the  weight  equally  on  all  tiie  piles,  when 
properly  constructed ;  and  it  was  therefore  of  great  importance  that 
the  fitting  should  be  accurately  done  in  erecting  the  piers. 

Mr.  C.  Markham  asked  whether  there  had  been  any  difficulty  in 
fitting  together  the  several  lengths  of  the  piles  securely,  in  consequence 
of  the  joints  of  the  castings  not  being  faced  up. 
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Col.  Ebrubbt  replied  there  was  no  difficnltj  in  making  a  secure 
j<Rnt;  the  joints  of  the  castings  though  not  planed  were  chipped  to  a 
lerel  &ce,  and  bolted  together  with  ten  1  inch  bolts  for  inside 
fltag«8  and  twelre  1  inch  bolts  for  outside  flanges ;  and  the  joints 
were  foosd  quite  satisfactory,  whilst  the  expense  of  planing  them 
was  ssTed. 

Mr.  H.  Bessbmsr  thought  the  construction  of  the  pier  now 
deflCEibed  was  a  yaluable  application  of  tubular  piles  where  brick 
foandbtionB  were  impossible  on  account  of  the  nature  of  the  ground. 
The  086  of  screw  piles  throughout  the  structure  entailed  an  amount  of 
laboorin  screwing  them  down  which  might  perhaps  be  avoided  in  some 
instiooes  hy  the  plan  that  he  had  seen  adopted  in  the  pier  lately 
OQDftnieted  at  Southport,  where  there  was  difficulty  in  getting  a 
feandation  and  cofferdams  would  have  been  very  expensive,  the  ground 
boDg  nothing  but  esnd  to  a  great  depth,  covered  with  water  at  each 
%li1ide.  The  plan  adopted  was  a  very  simple  system,  applicable 
goenlly  for  fonndationB  in  sand,  and  consisted  in  employing  tubular 
pilea  built  up  of  a  number  of  lengths,  having  a  broad  flat  disc  at  the 
bottom,  4  feet  diameter,  with  a  small  hole  in  the  centre,  through 
^ndi  a  stream  of  water  was  allowed  to  flow  from  a  pipe  supplied 
bf  tte  water  main  of  the  town :  the  water  displaced  the  sand  from 
Oder  the  disc,  and  in  80  or  40  minutes  the  pile  was  sunk  10  or  12  feet 
^  m.  this  manner ;  the  water  was  then  shut  off  and  left  the  pile 
iviag  on  a  broad  level  surface,  which  afforded  resistance  enough  to 
pRnrt  the  pfle  sinking  iurther  under  a  heavy  load.  The  only  labour 
npnd  would  be  for  pumping  the  water,  where  there  was  not  a 
opplj  at  hand. 

OoL  KsmriiDT  said  that  was  Mr.  Brunlees'  plan,  and  it  had  been 
^  SQCcessfolly  applied  for  the  railway  viaduct  across  the  sands 
of  Morecambe  Bay.  It  was  an  excellent  mode  of  sinking  piles  in  sand 
ttd  no  doubt  quicker  and  easier  than  by  screwing  them  down ;  but 
wsB  ^bcable  only  where  the  foundation  consisted  of  sand  alone. 
In  the  Indian  rivers  however  the  soil  was  alluvial,  containing  boulders 
ntenmxed  with  it,  which  could  not  be  washed  away  by  a  stream  of 
«iter,  and  the  piles  had  therefore  to  be  screwed  in.  In  one  place  at 
die  Nerbodda  bridge  a  quicksand  obliged  the  piles  to  be  carried  to  a 
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depth  of  45  feet ;  bat  as  they  passed  through  other  soil  also,  serew 
piles  were  necessary  even  in  tiiis  instance. 

Mr.  E.  T.  Bellhousb  enquired  who  were  the  makers  of  the 
ironwork  for  the  bridges ;  he  thought  a  great  deal  of  the  snooew  of 
such  works  depended  on  the  manner  in  which  they  were  execated  in 
England  previous  to  erection  abroad,  and  a  work  of  such  magnitade 
as  the  bridges  now  described  reflected  great  credit  on  the  makers. 
He  asked  also  whether  the  erection  in  India  was  superintended  by 
English  engineers,  and  whether  it  was  performed  by  native  labourers 
or  workmen  sent  out  from  England. 

With  regard  to  the  centre  pile  in  each  pier  he  thought  it  wu 
quite  right  in  this  case  to  make  it  the  same  size  as  the  others,  and 
the  diagonal  bracing  was  quite  sufficient  to  ensure  every  single*  pile 
receiving  an  equal  share  of  the  weight.  It  would  be  very  inconvenicEt 
to  have  another  pattern  of  pile,  and  in  that  class  of  work  for  foreign 
countries  it  was  highly  important  to  secure  simplicity  and  uniformity 
of  construction,  to  save  cost  and  trouble  in  erection. 

A  serious  question  in  reference  to  all  iron  structures,  particularly 
those   of  wrought  iron,   was  the  means   of  preserving   them  from 
oxidation  ;  and  he  was  not  satisfied  that  the  right  mode  of  employing 
wrought  iron  in  bridges  and  roofs  had  yet  been  arrived  at,  for  giving 
it  the  greatest  protection  from  rusting.     He  had  had  to  make  several 
iron  structures  of  similar  character,  and  thought  there  was  too  strong 
a  tendency  generally  to  aim  at  cheapness  in  first  cost,  by  running  tbe 
work  too  fine  in  size  and  weight  of  the  parts ;   and  a  warning  was 
needed  he  thought  to  recall  the  consideration  of  durability  as  of  equal 
importance  with  that  of  first  cost.     Already  many  proofs  had  been 
received  of  the  danger  of  carrying  lightness  of  construction  to  an 
extreme :  some  fine  iron  roofs  that  had  been  erected  within  the  last 
twenty  years  had  come  down  suddenly.     He  had  seen  few  iron  roofs 
that  were  properly  painted  to  keep  them  from  rusting  ;  and  unless  this 
were  frequently  done,  an  accident  might  occur  any  day  from  the  metal 
having  become  gradually  corroded  at  some  unseen  part.     Corrugated 
iron  also,  whether  galvanised  or  not,  soon  began  to  break  into  holes 
unless   frequently  cleaned  and  painted.      This  was    even    a    more 
important  consideration  in  the  large  wrought  iron  bridges,  of  which  so 
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mnj  liad  lately  been  put  np,  and  he  feaired  some  of  them  would  show 
ligiiB  of  Benous  decay  before  many  more  years  had  passed.  It  was 
thfinlare  denrable  to  lay  great  stress  on  the  necessity  of  efficiently 
piiatiiig  aU  iron  stmctores,  for  keeping  them  in  thorough  repair  and 
enaUiBg  them  to  last  for  many  years. 

Col.  EjniNSDT  said  that  the  whole  of  the  ironwork  for  the  bridge 

Ittd  been  done  by  four  makers,  two  of  whom  supplied  the  piers  and 

tpo  tlie  auperatnictare,   and  the  whole  of  Ihe  work  had  proved 

thoroughly  satisfactojy.     Of  the  piers  nearly  half  were  supplied  by  the 

Honclejr  Iron  Co.,  Tipton,  and  the  rest  by  the  Victoria  Iron  Co., 

Derbf.    There  was  always  a  difficulty  in  carrying  cast  iron  safely 

leroct  the  sea,  from  the  great  risk  of  breakage  in  shipment  and  in 

coQveyanoe  by  land  as  well  as  the  chance  of  disasters  at  sea ;  but  they 

had  bad  altogether  only  about  5  percent,  of  loss  from  all  causes  in  the 

eaat  iion  work,  which  was  a  smaller  proportion  than  he  had  ewer  heard 

of  before  in  similar  cases.     The  first  part  of  the  superstructare  was 

by  Messrs.  Kennard  at  Oromlin ;   but  the  greater  portion  by 

.  Westwood  Bailey  and  Campbell,  London  Yard,  Isle  of  Dogs. 

Erery  wrought  iron  girder  miut  have  some  deflection  mider  a  load, 

bet  the  proof  of  accoracy  of  workmanship  and  correct  fitting  of  all  the 

pvts  was  that  it  should  come  back  to  its  original  position  when  the 

feed  was  taken  off  without  any  permanent  set.      For  the  erection 

of  the  work  in  India  the  engineers  and  foremen  alone  were  sent  out 

froB  England,  and  all  the  other  workmen  employed  were  natives : 

AaoatiTes  made  good  workmto  in  a  very  idiort  time  and  then  got 

on  npidly  with  the  work.      As  a  consequence  of  the  additional 

emplqjment,  the  price  of  labour  had  now  been  donbkd  by  the  railway 

works  throughout  the  district  traversed  by  the  line. 

He  folly  concurred  in  condemning  the  practice  of  cutting  down  the 
dimmsiona  too  fine  in  such  stmctores,  and  considered  a  liberal  margin 
ought  to  be  left  beyond  the  calculated  strength,  to  allow  for  strains 
wMdi  coold  not  be  taken  account  of  with  the  same  accoracy  as  simple 
tnasverse  and  longitudinal  strains.  Bockling  was  a  freqoent  source 
of  CKtra  strain,  particalarly  where  there  was  any  considedrafole  depth  of 
gnder,  and  therefore  required  to  be  carefdlly  provided  against  hj 
increasing  the  size  of  the  sections  and  arranging  the  iron  in  soch  a 
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form  as  would  enable  it  best  to  resist  bnckling  under  compression.  In 
the  girders  now  described  all  the  bars  subject  to  compression  were 
made  of  a  cross  shape  in  section,  as  shown  by  the  drawings,  (Plate  43) ; 
and  the  greatest  strain  either  of  tension  or  compression  on  anj  part 
of  the  girders  amounted  to  only  d|  tons  per  square  inch  under  the 
heaviest  practical  load. 

The  Chairman  enquired  whether  the  girders  were  joined  up  into 
one  continuous  length  so  as  to  increase  their  strength,  or  whether 
each  span  had  separate  bearings  at  the  ends. 

Col.  Kennedy  replied  that  each  span  had  separate  bearings, 
in  order  to  allow  perfect  freedom  for  expansion  and  contraction. 
Each  girder  was  supported  by  the  top  or  compression  beam,  which  was 
fixed  to  the  pier  at  one  end,  the  other  end  being  left  free  to  moye 
on  rollers.  The  greatest  longitudinal  motion  at  present  observed  in 
24  hours  amounted  to  -^  inch  in  one  span  of  60  feet.  In  the 
dimensions  of  the  girders  great  allowance  had  been  made  to  proyide 
against  buckling  and  the  strains  produced  by  concussions,  and  there 
were  only  a  very  few  places  where  the  strain  ever  came  up  to  the 
maximum  of  3|  tons  per  square  inch,  while  everywhere  else  it  was 
much  below  that  amount)  so  that  the  strains  never  approached 
the  elastic  limit  of  the  iron.  The  accident  to  the  Wiswamnntra 
bridge  mentioned  in  the  paper  was  a  sufficient  evidence  of  the^large 
margin  of  strength  that  existed ;  for  though  the  beams  were  bulged 
out  and  otherwise  damaged  in  that  case  by  the  train  running  against 
them  when  it  was  thrown  off  the  rails,  they  still  held  up  the  load, 
and  the  bridge  was  not  broken  down  although  only  a  single  line  of 
rails  had  been  constructed. 

Mr.  A.  B.  Cochrane  asked  whether  the  several  lengths  of  the 
piles  were  cast  vertically,  in  order  to  ensure  the  same  thickness  of 
metal  all  round,  and  whether  the  joints  required  any  fitting  to  go 
together  properly. 

Col.  Kennedy  said  the  pile  lengths  were  cast  vertically,  and  the 
joints  were  generally  cast  with  sufficient  accuracy  to  go  together 
without  any  fitting ;  but  where  iiecessary  they  were  chipped  to  a  level 
face,  and  care  was  taken  to  ensure  a  uniform  thickness  of  metal 
throughout  the  flanges. 
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The  Chairvak  enquired  what  means  had  been  adopted  to  protect 
the  ironwork  of  the  bridges  from  corrosion,  and  whether  galvanising 
the  iron  had  been  tried.  The  great  variety  of  situations  in  which  iron 
strectores  were  placed  would  of  course  cause  the  work  to  be  differently 
affected  in  different  cases. 

Col.  Kennedy  replied  that  every  piece  of  the  ironwork  was  dipped 
when  hot  in  a  bath  of  linseed  oil,  and  had  afterwards  two  coats  of  good 
oQ  paint.  After  erection  they  relied  upon  frequent  and  thorough 
painting  for  keeping  the  iron  from  rusting.  From  an  examination  of 
seTenJ  old  iron  structures  he  found  that  the  cast  iron  generally  stood 
1*11,  bat  the  wrought  iron  showed  evidences  of  corrosion  after  it  had 
been  up  about  20  years,  and  it  could  never  be  relied  on  unless  frequently 
(lainted  or  otherwise  protected.  He  had  not  tried  galvanised  iron, 
luring  Been  several  roofs  constructed  of  it  in  which  large  holes  had 
been  made  by  corrosion. 

The  prevention  of  iron  from  rusting  was  a  question  of  general 
importance,  and  he  thought  every  encouragement  should  be  given  to 
biestigation  of  the  subject,  with  a  view  to  obtaining  some  really 
ponanent  protection.  It  was  quite  clear  that  even  with  its  present 
Witj  to  oxidation  iron  made  decidedly  the  cheapest  structure  for 
lege  bridges  in  general,  particularly  in  alluvial  districts  :  but  its 
^BnUfity  and  renewal  were  dependent  mainly  on  its  thorough  protection 
^  oxidation.  The  object  to  be  sought  was  not  simply  to  secure  the 
^  protection  out  of  a  number  of  modes,  of  which  all  might  be 
^^^e ;  but  to  arrive  at  an  absolute  means  of  preservation  if  that 
»ffepoBfflble. 

Mr.  J.  P.  Spekcer  observed  that  tar  had  proved  a  very  effective 
iBateiial  for  preserving  the  bottoms  of  iron  ships  from  rusting,  and 
▼«  applied  also  inside  the  vessels.  On  the  Clyde  large  ships  of  2000 
or  3000  tons  burden  were  protected  inside  with  a  coat  of  a  varnish 
Dttde  from  purified  coal  tar,  which  was  found  a  very  efficient  protection. 
^  dean  surface  of  the  iron  for  laying  on  the  vftrnish  was  all  that 
vas  reqmred,  and  it  had  a  fine  polish ;  t)ie  coat  lasted  7  or  8  years 
'fben  protected  ^  a  lining  of  woodwork  in  front.  The  varnish  could 
^  Uid  on  cold,  and  the  smell  was  all  gone  in  a  few  days  ;  it  cost  only 
»^crat  2i.  per  gallon,  which  was  much  cheaper  than  red  paint.     This 
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'  plan  had  also  been  applied  to  the  inside  of  steam  boilers,  where  the 
uptake  from  the  famace  passed  through  the  steam  room  of  the  boiler, 
and  it  entirely  prevented  oxidation  and  scaling  of  the  iron  from  the 
action  of  the  steam ;  he  thought  it  likely  therefore  to  be  suitable 
for  such  structures  as  the  bridges  described  in  the  paper. 

Mr.  H.  W.  Harmatt  enquired  what  margin  had  been  allowed  in 
calculating  the  breaking  strain  of  the  girders. 

Col.  Kkknbdt  considered  it  was  of  little  importance  to  calculate 
the  ultimate  breaking  strain,  since  that  was  nerer  likely  to  be 
approached  in  practice ;  it  was  more  important  to  keep  in  view  the 
elastic  limit  of  strength,  which  he  thought  might  be  calculated  at 
about  11  or  12  tons  per  square  inch  for  wrought  iron.  If  the  girders 
were  overweighted  a  permanent  set  must  be  produced ;  but  when 
the  size  of  the  ironwork  was  calculated  so  as  to  keep  the  maximuin 
strain  under  one  third  of  the  elastic  strength,  as  in  the  present 
instance,  then  no  permanent  set  would  occur,  if  the  fittings  were  all 
accurately  done. 

Mr.  H.  W.  Harman  thought  it  was  possible  to  have  a  certain 
amount  of  permanent  set  without  at  all  detracting  from  the  strength 
of  the  girder.     As  regarded  the  construction  of  bridge  that  had  been 
described,  it  seemed  well  adapted  for  the  particular  circumstances  that 
had  to  be  met,  being    specially   designed    for  the  alluvial   soil  of 
India  and  for  facility  of  transport  from  this  country  and  of  erection 
abroad  :    but  he  supposed  it  was  not  considered  otherwise  superior  to 
those  more  generally  adopted  in  England,  where  the  circumstances 
were  in  so  many  respects  different.     He  was  not  aware  of  any  bridges 
of  that  construction  which  had  been  up  for  many  years  at  present; 
and  being  engaged  himself  in  extensive  wrought  iron  girder  works  he 
thought   the  more  solid   any  bridge   work    was   made    the  better 
and  more  durable  it  would  prove,  and  on  that  account  preferred 
boiler  plate  girders  wherever  practicable  instead  of  lattice  girders. 
In  the  present  instance  he  observed  that  many  of  the  pins  in  the 
diagonal  bracing  of  the  piers  were  below  water  and  had  to  be  put  in  bj 
divers ;  these  could  not  be  examined  either  then  or  afterwards,  but  the 
divers  must  be  trusted  to  for  putting  them  in  securely,  and  if  any  of 
the  pins  were  omitted  the  whole  pier  would  be  weakened,  since  the 
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v«ake8i  part  limited  the  strength  of  the  whole.  He  thought  the 
ptper  afforded  very  valuahle  and  interesting  information  in  the 
experienee  of  erecting  that  kind  of  hridge  on  so  extended  a  scale. 

Col.  KiXHSDT  said  that  Mnd  of  constmction  for  hridges  was  only 
of  recent  date,  hnt  he  knew  of  some  bridges  of  the  class  which  had 
iireadj  been  np  7  or  8  years.  Some  of  the  pins  of  the  diagonal 
bndng  mnst  of  course  be  pnt  in  nnder  water :  bat  the  joints  of  the 
sefenl  lengths  of  the  piles  were  bolted  together  above  water  before  the 
p3es  were  screwed  down.  The  piles  were  filled  with  concrete,  which 
made  titem  solid  inside,  so  that  eadi  pile  stood  on  a  solid  foimdatton 
of4|  fleet  diameter. 

Mr.  H.  W.  Habmak  asked  whether  there  was  not  some  difficulty 
m  getibg  the  piles  screwed  doYm  inte  the  ground  true  in  leyel,  from 
bequalities  in  the  nature  of  the  ground ;  and  whether  any  of  the  piles 
1^  been  broken  in  screwing  down. 

Cd.  KxHBKDT  replied  that  there  was  some  difficulty  in  getting 
^  pfles  correct  in  level,  but  it  was  managed  by  screwing  them  down 
a  EtUe  further  if  necessary ;  and  as  there  were  four  lugs  at  each  end 
of  Ae  several  lengths  for  attaching  the  diagonal  bracing,  the  level 
nvMbe  adjusted  to  one  quarter  of  a  revolution  of  the  screw.  Where 
fc  piles  stood  on  a  rock  foundation  a  piece  of  the  required  length  was 
est  off  the  bottom  of  the  lowest  length,  leaving  the  flange  at  tep 
^  bolting  to  tiie  next  length ;  or  else  the  rock  was  cut  away  deeper 
^  gH  the  proper  level.  A  few  cases  had  occurred  of  a  pile  being 
^m  in  screwing  down,  and  it  was  then  very  difficult  to  get  the 
tCKw  out  again ;  this  was  one  of  the  chief  difficulties  that  had  been 
net  vith  in  erecting  the  bridges.  At  the  Nerbudda  bridge  the 
n^<len  abandonment  of  the  work  caused  by  an  outbreak  of  cholera 
u^  followed  by  monsoon  floods  left  some  single  piles  unsupported, 
■Mcb  were  broken ;  and  one  or  two  of  these  could  not  be  got  out 
*fun,  so  that  it  became  necessary  te  alter  the  spans  in  two  cases, 
■^«rting  fresh  sites  for  the  piers  in  order  to  get  clear  of  the  broken 
p3ea.  Rapidity  of  fixing  was  of  special  importence  in  India,  for 
<«  leoount  of  floods  and  sterms  the  working  year  for  such  operations 
coold  be  reckoned  at  only  about  8  months ;  and  the  facility  of  erection 
'Tth  this  construction  of  piers  and  superstructure  was  so  great  that  by 
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beginning  at  both  ends  at  the  same  time  they  could  now  bridge  the 
broadest  river  in  a  single  season. 

The  Chairman  observed  that  there  was  one  objection  to  the 
Warren  girder  in  its  depending  upon  each  single  part  for  its  safety, 
for  if  one  of  the  pins  were  to  give  way  the  whole  girder  would  come 
down.  That  was  not  the  case  in  rivetted  work,  where  a  single  rivet 
might  fail  without  affecting  the  strength  of  the  girder. 

Col.  Kennedy  remarked  that  the  parts  on  which  the  safety  of  the 
girder  depended  were  simple  in  constmction  and  not  numerous,  being 
merely  the  cylindrical  turned  pins  fitting  into  the  joint  holes. 

Mr.  H.  Maudslay  thought  a  great  practical  advantage  had  been 
gained  in  the  construction  of  bridge  now  described  by  reducing  that 
class  of  work  to  a  regular  system,  with  the  least  possible  variety  of 
parts  and  the  greatest  amount  of  repetition,  which  were  most  important 
objects  to  be  aimed  at  in  mechanical  operations.  One  valuable  result 
obtained  was  that  the  loss  of  any  one  piece  of  the  work  in  erecting  did 
not  affect  the  completion  of  the  whole,  as  all  the  parts  were  made  to 
exactly  the  same  patterns. 

He  thought  they  were  much  indebted  to  Col.  Kennedy  for  his 
elaborate  and  careful  paper  containing  so  much  valuable  and  practical 
information,  and  moved  a  vote  of  thanks  to  him,  which  was  passed. 


The  following  paper  was  then  read  : — 
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ON  CAST  IRON  TUBBING  USED  IN  SINKING  SHAFTS. 


By  Mb.  JOHN  BBOWN,  op  Barnslet. 


The  object  of  the  present  paper  is  to  describe  the  mode  now 
generally  adopted  in  coal  mining  districts  to  stop  back  the  feeders  of 
water  met  with  in  sinking  to  the  seams  of  coal,  and  thus  obviate  the 
necessity  for  pumping.  Without  giving  an  historical  account  of  the 
various  schemes  that  have  from  time  to  time  been  devised  for  this 
purpose,  it  may  be  mentioned  that  the  first  kinds  of  tubbing  used 
were  formed  of  timber,  in  the  shape  either  of  planks  or  of  a  series  of 
solid  kerbs,  technically  termed  ^*  cribs,''  which  were  wedged  tight 
with  wooden  wedges.  These  modes  of  keeping  back  feeders  of  water 
have  now  been  almost  altogether  superseded  by  the  use  of  cast  iron 
tubbing.  The  course  pursued  in  fixing  the  tubbing  varies  to  some 
extent  in  different  districts,  but  not  materially ;  and  the  following 
description  of  the  method  practised  under  the  writer's  superintendence 
at  sinkings  in  the  midland  counties  will  give  generally  an  accurate 
account  of  the  whole. 

The  tubbing  consists  of  plates  of  cast  iron  forming  segments  of 
the  circumference  of  the  shaft ;  these  are  built  course  upon  course  to 
the  required  height,  upon  a  cast  iron  foundation  called  a  *' wedging 
crib,"  as  shown  in  Plates  44  to  46.  Fig.  1,  Plate  44,  is  a  vertical 
section  of  a  shaft  10  feet  in  diameter,  showing  the  bottom  iron 
wedging  crib  A,  with  an  oak  one  B  below  it,  eight  rings  of  tubbing  CC, 
each  2  feet  in  height,  and  the'  top  iron  wedging  crib  D.  Fig.  2, 
Plate  45,  is  a  plan  of  the  tubbing ;  and  Fig.  3  is  a  plan  of 
the  iron  wedging  crib  A.  Fig.  4,  Plato  46,  is  a  back  elevation  of 
one  of  the  tubbing  plates,  to  a  larger  scale,  showing  the  arrangement 
of  the  ribs  by  which  it  is  strengthened;  and  Figs.  5  to  8  are  horizontal 
and  vertical  sections  of  the  plate.  Fig.  9  is  a  section  of  the  iron 
wedging  crib. 
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In  the  case  of  sinking  a  shaft  which  it  has  been  previonslj 
determined  shall  be  tubbed,  the  best  mode  is  to  hang  the  lift  of  pumps 
either  by  means  of  pulley  blocks,  or  what  is  better  still  by  powerful 
screws  of  a  sufficient  length  to  permit  an  ordinary  pump  tree  to 
be  attached  and  lowered  from  time  to  time  as  the  sinking  progresses. 
8ome  plan  of  this  kind  is  requisite,  because  the  space  which  has  to  be 
tubbed  must  be  kept  quite  clear  from  pumping  stays,  as  it  is  necessary 
to  have  a  free  access  to  the  sides  of  the  shaft  all  round  the  pumps. 
After  sinking  below  the  feeder  of  water,  the  first  sound  stratum 
met  with  should  be  chosen  as  a  foundation  upon  which  to  place  the 
cast  iron  wedging  crib  A,  Fig.  1,  Plate  44,  for  supporting  the  tubbing; 
and  to  presenre  this  foundation  unshaken  and  free  from  cracks  it  is 
necessary  to  avoid  the  use  of  gunpowder  in  sinking  down  the  few  yards 
further  which  are  required  to  afford  room  for  the  workmen  whilst 
wedging  the  crib,  and  also  as  a  ^'  sump  '*  or  well  to  keep  the  suction 
pipe  of  the  pump  covered  with  water  and  prevent  its  being  continually 
**  on  blast." 

A  space  being  cut  out  all  round  the  shaft,  as  shown  at  £,  Fig.  1, 
Plate  44,  and  a  perfectly  horizontal  bed  prepared  by  dressing  with  a 
chisel,  the  iron  wedging  crib  A  is  laid  upon  it ;  dry  sheathing  deals  of 
about  J  inch  thickness  and  quite  free  from  knots  are  placed  between 
each  segment  of  the  crib,  as  shown  in  the  plan.  Fig.  3,  Plate  45. 
The  space  F  at  the  back  of  the  crib  is  then  filled  up  as  dosely 
as  possible  with  blocks  of  dry  deal  to  the  height  of  the  crib,  the  grain 
being  placed  vertically ;  and  dry  deal  wedges,  8  to  9  inches  long, 
1)  to  2  inches  broad,  and  |  inch  thick  at  the  top,  are  then  driven  in 
until  the  spaces  are  closed.  Chisels  similar  to  a  shipwright's  caulking' 
chisel,  but  with  a  projection  on  eadi  side  the  head,  are  now  driven 
downwards  by  heavy  hammers,  and  then  drawn  out  by  a  lever  with  « 
claw  at  one  end  which  passes  under  the  chisel  head  ;  a  wedge  ifl  tihen 
inserted  in  the  hole  and  driven  down  as  low  as  possible.  This  process 
is  continued  until  it  is  impossible  to  drive  in  another  wedge.  The  tme 
test  of  a  crib  being  sufficiently  wedged  is  to  find  that  in  no  part  of  the 
deal  blocks  F  can  the  iron  chisel  be  driven  in,  whether  placed  parallel 
with  or  at  right  angles  to  the  crib ;  when  arrived  at  this  stage,  the 
chisel  may  be  inserted  as  far  as  the  extent  of  the  tapered  edge, 
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but  Upon  attempting  to  drive  it  further  down  even  with  a  heavy 
hammer,  and  vrith  the  fall  force  of  both  hands  holding  it  down  from 
above,  the  chisel  will  fly  up  with  considerable  violence.  To  secure  the 
wedging  crib  in  a  shaft  10  feet  diameter  in  this  manner  will  require 
4  or  5  men  for  not  less  than  60  to  70  hours.  The  spaces  between  the 
ends  of  the  segments  of  the  crib  must  then  be  filled  with  wood  wedges 
until  no  more  can  be  inserted.  Great  care  should  be  exercised  to 
collect  the  small  streams  of  water  that  are  usually  found  running  down 
the  sides  of  a  wet  sinking  shaft,  and  prevent  them  from  falling  upon 
the  space  at  the  back  of  the  wedging  crib,  as  it  is  indispensable  that 
the  whole  of  the  wood  blocks  and  wedges  be  kept  dry. 

If  a  good  sound  foundation  be  met  with  free  from  cracks  and 
^sures,  and  the  wedging  crib  be  laid  and  maintained  perfectly 
horizontal  and  of  the  proper  diameter  inside,  and  wedged  to  the 
extent  above  described,  it  may  safely  be  concluded  that  the  most 
important  part  of  the  work  is  accomplished:  the  insertion  of  the 
tabbing  of  course  requires  considerable  care,  but  unless  the  crib  be 
laid  true  and  securely  the  work  must  necessarily  be  imperfect  and  to 
some  extent  unsound.  In  the  case  of  a  very  long  column  of  tubbing 
it  is  desirable  to  use  two  or  three  wedging  cribs  placed  upon  one 
another,  each  crib  being  wedged  in  the  manner  described :  and 
frequently  an  oak  crib  6  inches  thick  and  18  inches  broad  is  placed 
upon  the  foundation  after  it  has  been  dressed  off,  as  shown  at  6  in 
Fig.  1,  upon  which  the  iron  crib  is  then  laid  and  wedged  as  already 
described.  This  wooden  crib  is  wedged,  but  not  so  tightly  as  the  iron 
one ;  since  it  is  found  that  excessive  wedging  will  cause  a  wood  crib 
to  rise  and  become  warped.  The  wooden  crib  underneath  gives 
facilities  for  underpinning  with  masonry,  or  for  joining  up  a  lower 
series  of  tubbing  plates,  as  the  necessary  depth  in  the  wood  can  be 
readily  cut  away. 

When  the  wedging  crib  is  completed,  deal  sheathing  g  inch  thick 
and  4 J  inches  broad,  cut  to  the  proper  radius  of  the  shaft,  is  placed 
upon  the  rebate  O  at  the  front  of  the  crib.  Fig.  9,  Plate  46,  and  upon 
this  is  fixed  the  first  ring  of  tubbing  plates.  Each  ring  of  tubbing  is 
so  placed  that  the  vertical  joints  between  the  segments  are  opposite 
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to  the  middle  of  the  segments  in  the  rings  above  and  below,  as  shown 
in  Fig.  1 ;  and  the  lowest  ring  also  breaks  joint  with  the  wedg^ing 
crib.  Deal  sheathing  of  a  similar  kind  is  placed  beftween  the  vertical 
and  horizontal  joints  of  each  ring,  as  shown  in  Figs.  5  to  8,  Plate  46, 
the  end  of  the  grain  always  being  presented  to  the  shaft.  In  the  case 
of  all  the  upper  plates  pieces  of  deal  2  feet  long  and  cat  in  a  wedge 
shape  are  inserted  at  the  back  between  the  tabbing  and  the  rock,  as 
shown  at  H  in  Figs.  1  and  2 ;  one  piece  is  placed  with  the  thick  end 
downwards,  at  the  back  of  the  centre  and  ends  of  the  segments,  and 
another  wedge  piece  with  the  point  downwards  is  then  driven  in  so  as 
to  tighten  the  whole  and  prevent  the  segments  being  driven  backwards 
daring  the  process  of  wedging.  Bat  the  space  E  at  the  back  of  the 
two  lowest  rings  being  greater  than  in  the  apper  necessitates  rather 
a  different  treatment ;  strong  pieces  of  timber  are  driven  in  with  one 
end  against  the  rock  and  the  other  against  the  back  of  the  tabbing. 
As  each  ring  of  tabbing  is  bailt  ap,  the  vertical  joints  are  slightly 
wedged  with  deal  wedges  4  inches  long ;  bat  no  wedging  is  done  to 
the  horizontal  joints  an  til  all  the  tabbing  is  fixed.  The  space  E^at 
the  back  of  the  two  lowest  rings  shoald  be  filled  up  with  some  material 
that  the  water  will  force  down  into  the  crevices  and  form  a  water- 
tight mixture :  oakum,  horse  duujg^,  riddled  soil,  &c.,  are  very  good 
for  this  purpose. 

If  the  feeders  of  water  be  found  near  the  surface,  it  may  only  be 
necessary  to  carry  up  the  tubbing  plates  to  a  higher  level  than  l^at  to 
which  the  water  will  rise,  and  then  securely  and  tightly  pin  them  up  to 
the  crib  and  brickwork  above.  But  where  the  water  is  met  with  at  a 
considerable  depth  and  would  rise  above  the  stratum  which  yields  it,  an 
iron  wedging  crib  D,  Fig.  1,  Plate  44,  must  be  put  in  at  the  first  sound 
place  above,  and  fixed  in  the  same  manner  as  the  bottom  crib  A ;  the 
tubbing  is  then  built  up  ring  by  ring,  and  joined  up  to  this  top  crib, 
which  has  a  rebate  upon  the  imderside  to  receive  the  deal  sheathing. 
A  single  row  of  wedges  must  be  driven  into  the  horizontal  joints, 
commencing  at  the  top  and  going  downwards ;  this  process  is  then 
repeated  from  the  bottom  upwards,  taking  the  vertical  joints  at  the 
same  time,  and  is  continued  until  an  iron  chisel  similar  to  that  before 
described  cannot  be  driven  in  between  the  tubbing  plates. 
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The  plag  hole  I,  Fig.  4,  Plate  46,  in  the  centre  of  each  plate, 
is  left  open  until  the  wedging  is  completed;  oak  pings  are  then 
driven  tightly  in,  commencing  with  the  bottom  plates  and  proceeding 
upwards.  This  must  not  be  done  more  rapidly  than  the  rate 
si  which  the  water  will  rise  at  the  back  of  the  tabbing,  in 
order  to  a£ford  every  opportunity  for  the  escape  of  air  or  gas: 
a  sndden  closing  np  of  all  the  holes  has  been  known  to  cause 
a  pressnre  so  sadden  and  violent  as  to  fractare  some  of  the  plates, 
which  have  had  to  be  replaced.  In  some  districts  it  is  not  nnasaal 
to  connect  a  small  pipe  with  one  of  l^e  plag  holes,  and  take  it  ap  the 
pit  side  until  the  top  of  the  pipe  is  above  the  level  to  which  the  water 
wiD  rise,  in  ordet  to  permit  the  escape  of  confined  air  or  gas ;  but  this 
has  never  been  done  at  any  of  th^  collieries  which  have  come  under 
the  writer's  supervision. 

The  deepest  tubbing  with  which  the  writer  has  had  to  deal  is  at 
the  Baddesley  Colliery  near  Atherstone,  where  a  spring  of  water  was 
found  at  220  yards  from  the  surface.  The  pressure  of  water  at  this 
depth  was  of  course  very  considerable,  and  rendered  great  care 
requisite  in  putting  in  sound  castings  and  fixing  them  accurately  and 
securely :  the  tubbing  plates  used  were  15  inches  in  height. 

The  upper  part  of  these  shafts  had  been  tubbed  continuously  from 
140  yards  in  depth  up  to  50  yards  from  the  surface,  making  a  column 
of  tabbing  90  yards  in  height.  The  sinking  then  proceeded  dry  for 
80  yaids  deeper,  when  the  spring  above  mentioned  was  met  with. 
This  occurrence  had  not  been  at  all  anticipated,  as  it  is  very  unusual 
in  the  midland  counties  to  find  springs  of  water  much  below  150  yards 
in  depth.  The  feeder  being  too  powerful  to  be  drawn  out  by  barrels 
entailed  considerable  inconvenience  'and  expense  in  the  arrangements 
for  pumping. 

There  were  two  shafts,  each  7  feet  in  diameter,  and  12  yards 
apart,  placed  in  front  of  the  permanent  winding  engine,  which  was  a 
vertical  high-pressure  non-condensing  engine  with  a  cylinder  of 
80  inches  diameter.  The  pit  nearest  to  the  engine  was  called  No.  1 , 
the  other  No.  2.  The  water  out  of  No.  1  pit  was  delivered  into  an 
offtake  drift  40  yards  from  the  surface,  which  had  been  driven  up  from 
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a  valley  for  more  than  600  yards.  This  gave  a  height  for  the  water 
to  be  pumped  at  first  of  180  yards,  withont  it  being  known  to  what 
depth  the  spring  might  continue.  As  this  was  of  course  too  much 
for  one  lift  of  pumps,  and  as  the  shaft  was  too  small  to  admit  two 
lifts  of  13  inch  pipes  and  give  space  at  the  same  time  for  drawing  out 
the  sinking  dirt,  a  rather  complicated  arrangement  of  pumping  gear 
was  rendered  necessary. 

A  standing  set  of  pumps  was  fixed  in  a  cistern  in  No.  1  shaft 
nearly  20  yards  below  the  wedging  crib  of  the  upper  tubbing,  or  about 
160  yards  from  the  surface.  It  was  deemed  necessary  to  go  this 
distance  below  before  driving  through  into  No.  2  pit,  to  prevent  all 
risk  of  letting  down  the  tubbing.  This  standing  set  was  117  yards 
long  with  a  12  inch  working  barrel. 

In  No.  2  pit  was  hung  a  lift  of  13  inch  pipes  with  a  12  inch 
working  barrel,  and  commencing  with  a  length  of  about  67  yards. 
These  pumps  were  hung  in  screws,  which  were  attached  to  wooden 
rods  6  inches  by  7  inches  square,  the  lower  ends  of  the  rods  being 
connected  by  strong  ironwork  to  the  suction  nozzle  of  the  pump, 
which  was  made  of  a  suitable  shape  for  the  purpose. 

By  a  series  of  quadrants  or  T  bobs,  pumping  beams,  and 
connecting  rods,  motion  was  communicated  to  the  pump  rods  from  a 
crank  on  the  end  of  the  flywheel  shaft,  which  projected  through  the 
engine  house  at  a  considerable  height  above  the  ground.  This  would 
not  have  been  the  mode  adopted,  had  the  existence  of  the  deep  spring 
been  at  all  expected ;  but  under  all  the  circumstances  it  answered 
exceedingly  well,  and  accomplished  the  desired  object  by  keeping  the 
shaft  clear  of  water  until  the  whole  of  the  water  was  efifectually  tubbed 
back. 

The  90  yards  of  tubbing  which'  had  been  put  in  the  upper  part  of 
the  shafts  was  divided  into  four  lengths,  of  35,  29,  18,  and  8  yards 
respectively,  commencing  from  the  top.  At  each  of  the  three  upper 
lengths  one  wedging  crib  was  put  in ;  and  at  the  bottom  two  metal 
cribs  each  9  inches  deep  were  placed  upon  an  oak  crib  6  inches  thick. 

In  pinning  up  one  series  of  tubbing  plates  to  a  wedging  crib 
above,  very  great  care  is  requisite  in  order  that  the  upper  tubbing 
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may  not  be  disturbed  ;  the  stone  mnst  be  taken  out  in  short  lengths, 

and  a  segment  put  in  before  the  stone  to  admit  the  adjoining  segment 

is  cut  away. 

It  will  veij  much  facilitate  the  operation  of  fixing  the  tubbing  in 

the  pit,  if  the  iron  wedging  crib  be  laid  upon  a  level  and  solid  place 
upon  the  pit  bank,  and  fitted  with  the  deal  sheathing  to  the  proper 
size  of  the  pit ;  an  iron  rod  turning  upon  a  piyot  fixed  in  the  centre 
of  the  circle  can  be  used  as  a  template.  Upon  the  crib  the  various 
B^pnents  should  be  fixed,  and  any  untrue  castings  rejected.  When 
the  first  ring  of  segments  is  fitted,  the  plates  composing  it  should  be 
marked  A  1,  A  2,  A  3,  &c.,  to  the  whole  number  in  the  ring ;  the 
second  ring  of  segments  should  then  be  placed  upon  the  first  ring, 
and  when  fitted  marked  B  1,  B  2,  B  8,  <&c. ;  and  so  on  for  every  ring, 
segment  by  segment.  When  three  or  four  rings  have  been  thus 
fitted,  they  are  taken  down,  the  uppermost  laid  upon  the  crib,  and  a 
similar  number  of  rings  fitted  above  it,  each  segment  being  lettered 
and  numbered ;   and  so  on  with  the  whole  of  the  tubbing. 

The  soundness  of  each  casting  should  be  carefully  tested  with  a 
heavy  hand-hammer  having  a  diamond  point,  and  all  those  rejected 
that  show  symptoms  of  honeycomb  or  other  defects.  Too  great 
attention  cannot  be  paid  to  this,  the  value  of  a  rejected  casting  being 
very  small  as  compared  with  the  loss  of  time  and  money  that  may 
arise  from  the  failure  of  an  unsound  segment  fixed  to  resist  a  great 
pressure  of  water. 

In  the  case  of  a  shaft  being  required  as  an  upcast,  and  where  -the 
effect  of  the  corrosive  vapours  given  off  from  the  coal  consumed  in  the 
ventilating  furnace  would  be  prejudicial,  it  is  better  to  set  the  tubbing 
back  sufficiently  to  admit  of  a  course  or  more  of  brickwork  being  built 
in  front  of  it  to  protect  the  iron.  The  writer  has  seen  iron  not  so 
protected  which  has  assumed  the  appearance  and  character  of  carburet 
of  iron  or  plumbago  for  some  depth  from  its  surface,  and  was  soft 
enough  to  be  cut  with  a  penknife  without  turning  the  edge. 

It  has  been  attempted  in  some  instances  to  use  tubbing  formed  of 
cast  iron  cylinders  of  the  diameter  of  the  shaft  and  4  or  5  feet  in 
height,  with  flanges  inside  and  boltholes  so  that  they  could  be  screwed 
together.    This  has  been  found  to  be  a  very  imperfect  and  unsatisfactory 
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kind  of  tubbing,  and  will  not  bear  the  slightest  comparison  with 
tubbing  composed  of  segments  and  wedged  in  the  manner  previously 
described.  The  large  cylinders  are  very  unwieldy,  and  present  great 
difficulties  in  passing  the  pumps  and  pumping  gear  at  the  pit  top.  In 
addition  to  this  tl|ey  do  not  by  any  means  afford  such  facilities  for 
repair :  if  a  fracture  occur  to  a  single  segment,  it  can  be  replaced 
without  much  difficulty,  which  would  not  be  the  case  if  a  cylinder 
failed ;  and  practice  has  shown  that  wedged  tubbing  can  be  made  much 
tighter  than  that  which  is  bolted. 

With  regard  to  the  requisite  strength  of  cast  iron  tubbing  at 
various  depths  from  the  surface,  the  following  are  the  results  of  some 
calculations  made  by  Mr.  Atkinson  of  Durham,  one  of  the  inspectors 
of  coal  mines,  which  arose  out  of  a  recent  discussion  at  the  North  of 
England  Institute  of  Mining  Engineers  upon  the  relative  merits  of 
cast  iron  and  cement  to  withstand  a  pressure  of  water.  For  a  shaft 
10  feet  in  diameter  he  estimates  the  thickness  of  metal  in  the  tubbing 
should  be 

at  a  depth  of  20  yards,  0*182  inch  thickness  of  metal. 
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In  practice  however  it  is  not  found  desirable  to  use  at  any  depth 
tubbing  of  a  less  thickness  than  half  an  inch,  in  order  to  prevent  risk 
of  fracture  from  blows  in  the  shaft  arising  from  banging  of  the  tubs  or 
fall  of  coals  from  the  pit  bank.  It  is  also  better  to  use  tubbing 
thicker  than  the  theoretical  strength,  to  provide  for  waste  by  corrosion. 
It  may  therefore  be  considered  that  in  a  shaft  of  10  feet  diameter  the 
thickness  of  tubbing  should  vary  from  g  inch  at  20  yards  deep  to 
1}  or  1|  inch  at  200  yards  deep  :  the  thickness  varying  in  different 
shafts  directly  in  proportion  to  the  diameter  of  the  shaft,  a  shaft 
16  feet  in  diameter  for  instance  requiring  at  an  equal  depth  tubbing 
twice  as  thick  as  that  in  an  8  feet  shaft. 
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In  pntting  in  tubbing  at  great  depths,  the  writer  recommends  that 
the  height  of  the  segments  should  be  reduced,  as  by  that  means  the 
flanges  are  brought  nearer  together  ;  15  inches  is  a  very  convenient 
hdight  for  such  cases,  24  inches  and  30  inches  being  used  at  smaller 
depths. 

The  value  of  tubbing  in  shafts  depends  to  a  considerable  extent 
upon  the  depth  of  the  shafts.  If  the  feeders  of  water  are  found  only 
a  short  distance  above  the  seam  of  coal,  it  will  be  quite  useless  to  tub 
back  the  water  in  the  shaft,  because  as  the  coal  workings  proceed  the 
roof  will  break  down  and  the  water  will  find  its  way  into  the  workings. 
In  determining  whether  to  use  tubbing  or  pump  the  water,  very  much 
depends  upon  the  character  of  the  strata  that  intervene  between  the 
water  and  the  coal.  The  writer  knows  cases  in  Derbyshire  where 
shafts  120  and  140  yards  in  depth  are  tubbed,  and  most  successfully;  in 
both  cases  the  bottom  of  the  tubbing  is  70  yards  from  the  surface, 
leaving  only  50  and  70  yards  respectively  as  the  distance  of  the  lowest 
feeders  of  water  above  the  coal.  The  thickness  of  the  seam  of  coal 
worked  is  from  5  to  7  feet,  and  the  workings  have  extended  over  a 
very  large  area  without  letting  water  down. 

Tubbing  has  been  very  little  used  in  Yorkshire ;  but  there  can  be 
no  doubt  it  might  have  been  successfully  employed  in  many  instances, 
and  that  it  will  become  generally  adopted  in  sinking  deep  shafts.  In 
NorUiumberland,  Durham,  and  Lancashire,  almost  every  shaft  that 
has  been  recently  sunk  to  a  considerable  depth  has  been  lined  with 
cast  iron  tubbing  where  passing  through  feeders  of  water.  A  very 
important  operation  of  this  kind  has  been  performed  with  great  success 
at  Shireoak  Colliery  near  Worksop,  in  a  deep  pit  belonging  to  the 
Duke  of  Newcastle,  and  a  detailed  description  of  the  sinking  of  this 
colliery  would  prove  interesting  to  mining  and  mechanical  engineers ; 
since  it  is  particularly  to  be  desired  as  advantageous  to  all  parties  that 
all  matters  appertaining  to  the  very  important  question  of  coal  mining 
upon  a  large  scale  should  be  made  generally  known. 
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Mr.  Brown  showed  a  model  of  the  tabbing,  explaining  the  maimer 
in  which  the  several  segments  were  put  together  so  as  to  break  joint 
in  each  snccessive  course,  with  a  lajer  of  wood  g  inch  thick  laid 
between  the  courses  of  tubbing.  He  stated  that  metal  tubbing  was 
not  much  employed  at  present  in  Yorkshire,  but  was  in  general  use  in 
Northumberland,  Durham,  and  Lancashire ;  and  good  tubbing  was  now 
becoming  of  great  importance  from  the  necessity  of  sinking  deeper 
shafts,  on  account  of  the  coal  seams  near  the  surface  getting  exhausted. 

The  Chairman  enquired  whether  the  quantity  of  water  in  the  shaft 
was  found  to  increase  at  greater  depths. 

Mr.  Brown  replied  that  was  not  usually  the  case,  and  it  was 
generally  sufficient  if  the  tubbing  were  carried  down  about  100  or 
120  yards  only ;  but  occasionally  the  shaft  required  tubbing  as  deep 
as  200  or  300  yards  from  the  surface. 

The  Chairman  asked  whether  any  coating  with  paint  had  proved 
a  sufficient  protection  for  the  cast  iron  tubbing  from  corrosion. 

Mr.  Brown  replied  that  sometimes  the  tubbing  was  merely  painted 
or  coated  with  oil,  but  this  was  not  sufficient  to  protect  the  metal  from 
corrosion  by  the  smoke  in  the  upcast  shaft,  and  in  that  case  therefore 
the  segments  were  set  back  about  six  inches  on  each  side  of  the  shaft 
and  lined  with  brickwork. 

Mr.  C.  Cochrane  thought  that  when  the  tubbing  was  protected 
by  being  lined  with  brickwork  it  would  be  difficult  to  find  out  any  leak 
that  might  occur  behind  the  brickwork,  and  it  might  be  necessary 
to  pull  down  a  quantity  of  the  lining  to  get  at  the  leak. 

Mr.  Brown  said  there  was  certainly  that  objection  to  lining  the 
tubbing  with  brickwork,  and  the  question  therefore  was  whether  it  was 
a  less  evil  to  run  the  risk  of  the  tubbing  being  corroded,  or  to  inpur 
the  difficulty  of  finding  out  a  leak  if  one  took  place.  In  general 
however  the  tubbing  could  be  put  together  tight  enough  to  prevent 
any  leaks  occurring,  if  care  were  taken  also  to  see  that  all  the  castings 
were  thoroughly  sound  before  being  put  in  their  places. 

The  Chajrman  enquired  whether  a  leakage  generally  increased 
after  it  had  broken  out. 

Mr.  Brown  replied  that  the  leakage  did  not  increase,  and  would 
sometimes  take  up  completely  after  a  time,  so  that  it  was  best  to  wait 
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awhile  when  a  leak  had  broken  outy  before  beginning  to  search  for  it. 
When  the  leakage  did  not  stop  of  itself  it  was  not  necessary  to  take 
ont  the  segment  of  tnbbing,  bnt  the  hole  conld  be  plugged  with  wood 
or  the  segment  wedged  up  tighter  with  wood  wedges  driven  in  at  the 
joints,  so  as  to  be  completely  water-tight. 

Mr.  C.  Tyldbn- Wright  asked  what  length  of  tubbing  had  been 
put  in  at  the  depth  of  220  yards  at  the  Baddesley  Colliery  in 
Warwickshire  mentioned  in  the  paper;  and  what  was  the  pressure 
of  the  water  behind  the  tubbing. 

Mr.  Brown  said  it  was  7  or  8  years  ago  that  the  tubbing  was  put 
in,  and  he  believed  the  length  was  10  or  15  yards.  That  was  the 
greatest  depth  at  which  he  had  seen  tubbing  put  in  a  shaft  hitherto,  and 
the  pressure  behind  the  tubbing  was  the  greatest  that  he  had  yet 
encountered,  amounting  to  nearly  300  lbs.  per  square  inch ;  the  diameter 
of  the  shaft  was  7  feet  inside  the  tubbing.  There  were  no  pipes  to  the 
surface  of  the  ground  for  taking  off  the  gas  that  accumulated  behind 
the  tubbing,  but  the  vent  holes  left  in  the  segments  were  plugged  up 
one  after  another  as  Ihe  water  rose,  the  top  holes  being  kept  open  as 
long  as  possible  to  ensure  the  whole  of  the  gas  being  allowed  to 
escape.  He  enquired  whether  any  trouble  had  been  experienced  in  the 
recent  sinking  at  the  Shireoak  Colliery  near  Worksop  from  the 
sheeting  being  blown  out  by  the  gas ;  and  what  length  of  tubbing  had 
been  required  in  that  case. 

Mr.  C.  T.  Wrioht  replied  that  at  the  time  of  putting  in  the 

tubbing  at  the  Shireoak  Colliery  the  wood  packing  had  been  blown  out 

of  the  joints  by  the  gas  and  the  tubbing  itself  disturbed,  from  want  of 

vent  pipes  to  carry  off  the  gas  from  behind  the  tubbing ;  but  these  had 

since  been  added  in  the  lower  lengths  of  the  tubbing,  and  it  had  now 

stood  for  two  years  without  giving  any  farther  trouble.     There  were  two 

pits  sank  at  that  colliery,  each  12  feet  diameter  inside  the  tubbing, 

which  was  lined  with  3  inches  thickness  of  brickwork  to  protect  it 

firom  corrosion,  reducing  the  working  diameter  to  11}  feet.     The 

tubbing  extended  a  total  length  of  170  yards  from  the  surface  in  each 

pit,  and  consisted  of  eleven  lengths,  the  total  weight  of  cast  iron  used 

bemg  more  than  1200  tons.     The  pressure  of  water  behind  the  tubbing 

abont  190  lbs.  per  square  inch  at  the  bottom. 

1)2 
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Mr.  Brown  enquired  what  was  the  nature  of  the  ground  through 
which  the  sinking  was  made. 

Mr.  C.  T.  Wright  replied  that  the  pits  were  sunk  for  the  purpose 
of  winning  the  Top  Hard  coal,  which  lay  «t  a  depth  of  ahout  515  yards 
at  that  place.  The  sinking  passed  through  the  magnesian  limestone 
for  a  distance  of  86  yards,  and  afterwards  through  a  very  hard 
gritstone  66  yards  thick,  in  which  were  the  largest  springs  of  water 
at  about  25  yards  below  the  limestone.  It  had  been  hoped  at  first  to 
keep  the  shafts  clear  of  water  by  pumping,  and  two  sets  of  14  inch 
pumps  were  employed  for  the  purpose ;  but  the  great  feeders  of  water 
here  met  with,  yielding  as  much  as  500  gallons  or  2|  tons  of  water 
per  minute  in  the  two  pits,  rendered  it  impossible  in  regular  work  to 
keep  the  water  down  by  the  pumps,  and  it  was  therefore  necessary  to 
have  recourse  to  tubbing.  The  rock  yielding  the  water  however  was 
so  strong  that  the  coal  below  could  have  been  worked  away  to  within 
40  yards  of  the  bottom  of  the  tubbing,  without  any  fear  of  the  rock 
falling  in  and  letting  the  tubbing  come  down. 

Mr.  J.  Fernib  asked  what  was  the  thickness  and  size  of  the 
segments  in  the  tubbing  at  Shireoaks,  and  whether  any  of  them  had 
broken. 

Mr.  C.  T.  Wright  said  that  each  course  of  tubbing  was  12  inches 
high,  and  there  were  12  segments  round  the  circle,  each  weighing 
3^  cwts.  The  thickness  of  metal  was  1 J  inch  at  the  bottom  of  the 
shaft,  and  each  segment  was  strengthened  by  three  ribs  on  the  back : 
a  lighter  descriplion  of  tubbing  only  |  inch  thick,  and  each  course 
24  inches  high,  was  used  in  the  upper  part  of  the  shaft  for  passing 
through  the  magnesian  limestone.  Several  of  the  segments  had  broken 
Arom  being  wedged  in  too  tight,  all  of  which  broke  through  the  centre 
plug  hole ;  these  had  to  be  taken  out  and  replaced,  and  on  one  occasion 
7  yards'  length  of  the  tubbing  had  to  be  taken  out  for  replacing  the 
broken  segments. 

Mr.  Brown  enquired  how  far  the  tubbing  was  made  to  extend  at 
top  and  bottom  beyond  the  strata  yielding  the  water. 

Mr.  C.  T.  Wright  replied  that  the  tubbing  extended  at  the  top 
to  the  surface  level,  but  at  the  bottom  1  foot  below  the  point  where 
the  water  was  met  with  was  enough,  because  the  rock  at  that  part 
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was  very  hard  and  impervious  to  water.  The  joining  of  each  length 
of  tabbing  to  the  length  above  was  made  by  casting  matching  plates 
of  the  size  required  just  to  fit  in  the  space  left,  instead  of  filling  it 
up  with  an  oak  crib,  as  he  considered  wood  was  too  soft  to  be  employed 
permanently  in  tubbing  on  a  large  scale. 

Mr.  H.  Maudslat  enquired  whether  compressed  oak  had  been 
tried  for  wedging  up  the  segments.' 

Mr.  C.  T.  Weight  had  not  tried  it,  but  pitch  pine  was  used  in 
preference  to  oak  for  the  packing  and  wedging  between  the  segments, 
as  containing  more  gum  and  swelling  to  a  greater  extent,  so  as  to 
tighten  the  segments  more  effectively. 

It  was  most  important  for  metal  tubbing  in  shafts  that  some 
efiecioal  means  of  preventing  corrosion  should  be  adopted,  as  it  would 
be  a  very  seripus  and  dangerous  operation  to  take  out  any  segment 
under  such  a  great  pressure  as  there  was  behind  the  tubbing  at 
Shiieoaks.  At  present  the  tubbing  had  stood  perfectly  well,  being 
lined  with  S  inches  thickness  of  brickwork ;  but  the  pressure  pipes 
passing  up  the  shaft  from  the  tubbing  to  the  surface  became  greatly 
coRoded,  and  both  pipes  and  taps  had  occasionally  to  be  replaced. 
The  main  pipes  were  strong  cast  iron  gas  pipes  of  3  inches  bore, 
with  gas  pipes  of  I4  inch  bore  to  the  lower  lengths  of  tubbing,  and 
were  well  coated  with  tar ;  but  the  corrosion  took  place  mainly  on  the 
inside,  the  water  being  so  corrosive  as  to  eat  through  the  pipes  in  the 
downcast  shaft ;  the  quantity  of  water  flowing  through  the  pipes  in 
both  pits  was  altogether  about  200  gallons  or  nearly  a  ton  of  water 
per  minute. 

Mr.  H.  Maudslat  suggested  that  a  good  plan  for  coating  iron 
with  tar  was  to  heat  the  iron  to  a  black  red  heat  and  then  plunge  it 
while  hot  in  the  tar ;  he  had  seen  some  gas  and  water  pipes  intended 
for  works  in  France  which  had  been  coated  in  that  way,  and  the  surface 
of  the  iron  was  then  clean  for  receiving  the  coating  of  tar. 

Mr.  C.  Cochbanb  said  that  they  had  for  many  years  made  a 
regular  practice  at  their  works  at  Dudley  of  coating  cast  iron  pipes 
both  outside  and  inside  with  a  mixture  of  pitch,  naphthaline,  and  oil, 
kept  hot  in  a  tank ;  the  pipes  were  dipped  in  it  while  nearly  red  hot, 
after  having  been  previously  cleaned  and  dressed,  and  were  then  taken 
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out  and  left  to  dry,  the  surplus  draining  off  them.  This  preparation 
had  heen  used  extensively  for  coating  water  pipes,  and  formed  a 
very  efficient  and  durable  protection  to  the  metal,  resisting  corrosion 
for  many  years.  He  had  proposed  applying  it  to  the  tubbing  of 
their  pits  in  the  north  of  England,  but  had  not  yet  tried  it  for  that 
purpose. 

Mr.  A.  B.  CoGHRANB  said  that  water  pipes  coated  in  that  way  had 
now  been  laid  10  or  12  years  in  Manchester,  and  were  found  to  be 
thoroughly  preserred  from  corrosion.  The  coating  looked  like  a  black 
varnish,  and  adhered  very  closely  to  the  metal ;  and  when  the  pipes 
were  properly  coated  before  the  iron  had  become  at  all  rusted  they 
continued  after  many  years  as  good  as  when  laid  down.  In  some 
pipes  that  he  had  made  for  the  Melbourne  water  works  the  coating 
came  off  at  places  where  the  metal  had  rusted  before  it  was  put  on, 
and  they  had  to  be  cleaned  and  done  over  again  ;  but  they  stood  the 
voyage  and  laying  in  the  groimd  without  injury  to  the  coating,  and 
there  was  no  fear  of  its  getting  scraped  off  with  moderate  care  in 
handling  the  pipes. 

Mr.  B.  Chrimes  had  seen  the  water  works  pipes  at  Manchester, 
24  inches  diameter,  and  the  coating  upon  them  appeared  as  perfect  as 
when  they  were  laid  down.  Some  of  the  pipes  had  been  left  lying  in 
the  street  for  a  year  or  two  before  being  put  in  the  ground,  but  the 
coating  remained  uninjured  notwithstanding  the  rough  usage  they  had 
been  exposed  to.  -  The  mixture  described  seemed  to  answer  well  for 
cast  iron  pipes,  but  he  believed  it  did  not  succeed  on  wrought 
iron  pipes. 

Mr.  C.  Cochrane  suggested  that  the  addition  of  sulphur  would 
probably  render  the  coating  suitable  for  covering  wrought  iron. 

Mr.  J.  Manning  observed  that  the  process  now  described  was  that 
of  Dr.  Angus  Smith  of  Manchester,  and  was  extensively  used  for 
coating  cast  iron  pipes  with  complete  success.  The  composition  made 
a  covering  like  a  smooth  black  varnish,  and  was  heated  to  the  boiling 
point  in  an  open  boiler  10  or  12  feet  deep,  into  which  the  pipes  were 
lowered  in  bundles  while  still  very  hot. 

Mr.  H.  Woods  remarked  that  a  coating  of  glass  enamel  made  a 
very  perfect  protection  from  corrosion  ;    he  had  tried  it  for  wrought 
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iron  pipes  from  2  to  5  inches  in  diameter  in  a  large  brewery  and  it 
answered  admirably ;  and  he  had  seen  pipes  np  to  8  inches  diameter 
which  had  stood  a  yery  high  pressure  without  the  enamel  being 
affected. 

Mr.  A.  B.  CooHBAHE  thought  the  cost  of  that  process  was  too 
great  to  allow  of  its  being  much  used  for  ordinary  work,  and  the  glass 
would  not  bear  the  rough  work  it  would  be  exposed  to  in  pits,  but 
would  soon  get  chipped  off.  The  mixture  of  pitch  however  seemed 
applicable  with  much  advantage  for  cast  iron  tubbing  ;  the  segments 
of  the  tubbing  might  be  dipped  in  it  before  the  iron  got  cold  after 
casting,  and  the  cost  of  the  process  was  moderate. 

Mr.  £.  RiLKT  thought  the  most  effectual  protection  for  wrought 
iron  against  corrosion  was  a  coating  of  carbon  deposited  on  its  surface, 
which  was  accomplished  by  cleaning  the  surface  of  the  iron  and 
burning  oil,  tallow,  tar,  or  some  other  hydro-carbon  upon  it.  He 
had  found  iron  thus  treated  resist  the  action  of  add  fames  for  a  long 
period. 

The  Chaibhan  remarked  that  the  subject  of  the  paper  was  of 
interest  not  only  to  the  owners  of  mines  but  to  all  persons  residing 
near,  since  the  effect  of  the  shaft  would  be  to  drain  all  the  springs  in 
the  neighbourhood  if  it  were  attempted  to  keep  down  the  water 
by  pumping;  and  it  was  therefore  very  desirable  that  the  water 
should  be  efficiently  stopped  back  by  tubbing,  to  save  the  constant 
waste  and  expense  of  pumping. 

He  proposed  a  vote  of  thanks  to  Mr.  Brown  for  his  paper,  which 
was  passed. 


208 

The  Chaibman  said  he  had  great  pleasure  in  proposing  a  special 
vote  of  thanks  to  the  Local  Committee  and  the  Honorary  Local 
Secretary,  Mr.  T.  F.  Gashin,  for  their  kindness  in  making  the 
excellent  arrangements  for  the  meeting,  which  had  been  attended 
with  such  complete  success. 

The  Meeting  then  terminated,  and  in  the  evening  a  large  party  of 
the  Members  and  their  friends  dined  together  at  the  Cutlers'  HalL 


On  the  following  day  the  Members  were  taken  by  the  Local 
Committee  an  excursion  to  Chatsworth  and  the  neighbourhood,  when, 
by  the  kindness  and  special  permission  of  the  Duke  of  Devonshire, 
Chatsworth  house  and  grounds  were  thrown  open  to  them,  and  the 
large  fountains  shown  in  full  operation;  and  the  Members  were 
invited  by  the  Local  Committee  to  a  handsome  entertainment  in 
the  park. 


PROCEEDINGS. 


7  November,  1861. 


The  General  Mebtino  of  the  Members  was  held  at  the  house 
of  the  Institution,  Newhall  Street,  Birmingham,  on  Thursday, 
7th  November,   1861 ;    Sampson  Lloyd,  Esq.,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  referred  to  the  success  of  the  Annual  Provincial 
Meeting  held  at  Sheffield  in  the  summer,  with  which  the  members 
who  were  present  had  been  much  gratified ;  they  had  been  much 
interested  in  the  sight  of  the  principal  works  which  were  so  liberally 
thrown  open  for  Oieir  inspection,  with  special  arrangements  for 
showing  t>lie  operations  on  a  large  scale.  The  members  were  most 
handsomely  received  and  entertained  by  the  Local  Committee,  who 
made  great  exertions  to  give  them  a  hearty  reception  on  the  occasion. 

The  Chairman  announced  that  the  President,  Vice-Presidents, 
and  five  members  of  the  Council  in  rotation,  would  go  out  of  office  in 
the  ensuing  year,  according  to  the  rules  of  the  Institution  ;  and  that 
at  the  present  meeting  the  Council  and  Officers  were  to  be  nominated 
for  the  election  at  the  Annual  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Annual  Meeting : — 
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PRE8IDBNT. 

Sir  William  G.  Armstrong,  Newcastle-on-Tyne. 

yiOB-PRBSlDENTB. 

{Six  of  the  number  to  be  elected.) 


Albxanbbr  B.  Coohrakb, 
Edward  A.  Cowpbb,    . 
James  Fentok, 
Bbnjamin  Fothbroill, 
Sampson  Llotd, 
Hbnrt  Maudslat, 
John  Pbnn,      .         .         .         . 
John  Rambbottom, 
J.  Scott  Russell,    . 
G.  William  Siemens, 
Joseph  Whitworth, 
Nicholas  Wood, 

COUNCIL. 

(Five  of  the  number  to 

Alexander  Allan, 
Frederick  J.  Bramwbll, 
William  E.  Carrbtt, 
Gilbert  Hamilton, 
George  Harrison, 
Thomas  Hawkslet, 
Edward  Jones,    . 
James  Samxtbl, 
Charles  P.  Stewart, 
Edward  Wilson, 


Dudley. 

London. 

Low  Moor. 

London. 

Wednesbury. 

London. 

London. 

Crewe. 

London. 

London. 

Manchester. 

Hetton. 


be  elected.) 

.     Perth. 
London. 
Leeds. 
Soho. 

Birkenhead. 
London. 
Wednesbury. 
London. 
Manchester. 
Worcester. 


The  Chairman  announced  thai  the  Ballot  Lists  had. been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  dtdy  elected : — 
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HKHBBR8. 


Charles  Edwards  Ahos, 
Thomas  Dixon, 
Thomas  Fearnlet, 
Joshua  Field,  Jun., 
William  Bailbt  Hawkins, 
Bamtjbl  Waits  Johnson, 
GusTAvus  Natorp, 
John  William  Natlor,    . 
Walter  Henrt  Soott, 
John  Shepherd, 
Oborob  Taylor, 
Robinson  Thwaites, 
William  Yule,   . 


London. 

Low  Moor. 

Bradford. 

London. 

Pontypool. 

Manchester. 

Sheffield. 

Leeds. 

Wolyerton. 

Leeds. 

Leeds. 

Bradford. 

St.  Petersburg. 


graduate. 
Hbnbt  Charles  Middleton, 


Birmingham. 


The  following  paper  was  then  read  : — 
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DESCRIPTION   OF   A   RIVET-MAKING   MACHINE. 


By  Mb.  CHARLES  D£  BERGUE,  OF  Manchester. 


The  main  feature  of  this  machine  consists  in  its  making  rivets  hj 
a  continuous  motion,  and  in  its  compactness  and  simplicity  of  action. 
The  construction  of  the  machine  is  shown  in  Plates  47  to  51.  Fig.  1, 
Plate  47,  is  a  front  elevation  of  the  machine,  showing  only  the 
heading  arrangement.  Fig.  2,  Plate  48,  is  a  transverse  section, 
showing  the  cutter  for  cutting  the  hlanks  previous  to  heading.  Fig.  3, 
Plate  49,  is  a  sectional  plan.  Fig.  4,  Plate  50,  is  a  side  elevation  ; 
and  Fig.  5,  a  longitudinal  section. 

The  disc  A,  Fig.  1,  Plate  47,   revolving  on  a  horizontal  shaft 
carries  the  dies  for  holding  the  blanks  to  form  the  rivets,  of  which 
there  are  eight  in  the  circumference,  marked  £B  in  Figs.  6  and  7, 
Plate  51,  revolving  in  the  direction  of  the  arrow.      Figs.  8  and  9 
show  enlarged  sections  of  the  dies.     The  cast  iron  header  C,  shown 
enlarged  in  Figs.  10  and  11,  by  which  the  heads  of  the  rivets  are 
formed,  is  carried  by  the  crank  D  fixed  on  a  second  horizontal  shaft, 
revolving  eight  times  for  once  of  the  disc  A,  and  so  geared  with  it  by 
the  toothed  wheels  EF,  Fig.  3,  as  to  coincide  exactly  with  the  eight 
dies  as  fhey  successively  pass  before  the  header  C  at  the  moment  of  its 
full  stroke  towards  the  disc.     At  this  time  the  disc  carrying  the  dies 
and  the  header  are  for  a  moment  travelling  together.     The  end  of  the 
bar  carrying  the  header  C  slides  in  a  slot  G  in  the  ring  H,  which 
revolves  freely  upon  the  centre  pin  I  of  the  disc.     The  inner  half  of 
this  ring  H  is  turned  eccentrically,  as  shown  in  Figs.  6  and  7  ;  and 
upon  it  a  loose  ring  K  is  placed,  which  takes  the  thrust  of  the  pins 
for  holding  up  the  rivets  during  the  heading  and  forcing  them  out  of 
the  dies  when  completed.     The  eccentric  is  held  in  a  fixed  position,  or 
nearly  so,  by  the  end  of  the  header  bar  sliding  through  the  slot  G, 
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tbe  eccentricity  being  set  not  quite  opposite  to  ttie  point  where  the 

beading  takes  place,  so  that  the  moment  the  header  has  left  the 

^e,  the  eccetltric  begins  to  act  in  forcing  the  rivet  out.     The  loose 

ring  K  always  moves  with  the  pin  which  holds  up  the  rivet  while  the 

heading  is  being  performed  and  also  while  forcing  out,  the  rivet,  and 

thus  throws  the  wear  upon  the  whole  surface  of  the  eccentric,  instead 

I  of  confining  it  to  the  portion  directly  under  the  header. 

I  To  prevent  the  possibility  of  accident  to  the  machine  from  blanks 

'  being  put  into  the  dies  too  cold  or  too  large  in  size,  the  header  G  is 

supported  behind  by  a  small  crushing  pieoe  of  cast  iron  L,  shown 

enlarged  in  Figs.  12  and  13,  Plate  51,  which  lies  free  in  a  recess 

in  the  header  bar.     This  crushing  piece  is  made  of  such  sectional 

area  as  to  resist  the  usual  crushing  strain  required  for  heading  a 

livet,  but  to  yield  by  crushing  if  by  any  accident  a  cold  rivet  blank 

.  or  any  other  unyielding  substance  should  get  between  the  header 

and  the  die,  forming  a  complete  protection  against  injury  of  the 

machine  by  overstrain  in  working.      Fig.  13  shows  the  manner  of 

fracture  of  one  of  the  crushing  pieoesw 

During  the  time  of  the  header  being  in  action,  the  motion  of  the 
header  and  the  die  as  governed  by  the  toothed  wheels  E  and  F  would 
not  be  perfectly  coincident,  except  at  the  beginning  and  the  end  of 
the  heading  process.  At  the  point  where  the  process  commences, 
which  is  a  point  adjustable  at  option,  the  centre  line  of  the  header  as 
carried  forward  by  the  toothed  wheels  coincides  with  the  centre  line 
of  the  rivet  to  be  headed ;  then  proceeding  in  the  direction  of  the 
rotation,  the  rivet  over-runs  the  header  slightly,  and  agaih  exactly 
coincides  with  it  when  on  the  centre  line  or  line  of  greatest  pressure  : 
after  which  the  reverse  action  takes  place  as  the  header  recedes  from 
the  die.  The  motions  of  the  header  and  the  die  are  however  made 
perfectly  coincident  throughout  by  means  of  a  steel  pin  M,  Fig.  3, 
Plate  49,  inserted  in  the  header  bar  alongside  of  the  header ;  and 
dght  corresponding  holes  N  to  receive  this  pin  are  bored  in  the  circum- 
fer^oe  of  the  disc.  Figs.  3  and  4,  side  by  side  with  the  holes  which 
contain  the  dies.  The  pin  M  enters  the  hole  in  the  disc  at  the  point 
where  the  heading  process  commences  ;   and  the  teeth  of  the  driving 
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pinion  E  are  at  the  same  time  partiallj  cat  away,  so  as  to  clear  the 
teeth  of  the  larger  wheel  F  while  the  pin  is  in  action ;  and  then  as  the 
pin  leaves  the  hole  in  the  disc,  the  teeth  of  the  pinion  again  take  up 
the  driving  action  and  continue  the  movement  of  the  disc.  Thus  the 
die  is  carried  forward  during  the  heading  process  by  the  pin  M^ 
independently  of  the  teeth  of  the  pinion,  which  are  not  required  at 
that  part  of  the  rotation  for  working  the  machine  ;  but  they  are  still 
retained  in  order  to  keep  the  wheels  in  gear  throughout  the  entire 
revolution,  and  are  left  strong  enough  to  carry  on  the  motion  safely 
even  without  the  pin  M.  - 

The  bars  for  making  the  rivets  are  heated  in  a  furnace  alongside 
the  machine,  and  are  then  cut  off  to  the  required  lengths  by  a  lever 
cutter  O,  Fig.  2,  Plate  48,  driven  by  a  double  cam  on  the  heading 
shaft,  thus  allowing  two  lots  of  rivets  to  be  cut  for  one  rivet  made, 
and  BO  giving  time  for  changing  the  bars  while  still  a  sufficient  supply 
of  blanks  is  always  kept  cut ;  4  to  6  blanks  are  cut  off  in  each  batch, 
about  10  bars  being  kept  in  the  furnace  at  once.  The  blanks  are  fed 
into  the  dies  by  two  boys,  a  third  boy  doing  the  cutting.  The  lengths 
to  be  cut  off  are  regulated  by  an  adjustable  bar  P,  Fig.  2,  sliding  upon 
a  pin  and  moved  backwards  or  forwards  by  a  screw. 

The  first  motion  is  given  to  the  machine  by  a  belt  upon  the 
pulley  R,  Fig.  3,  Plate  49,  and  thence  through  the  pinion  S  and  spur 
wheel  T.  The  framing  at  the  front  of  the  machine  is  made  exceedingly 
strong,  for  resisting  the  strain  of  tension  thrown  upon  it  during 
heading  ;  while  the  back  frame  on  the  contrary  is  arranged  to  receive 
the  compression  strain  of  the  tail  ends  of  the  shafts. 

The  machine  is  placed  close  by  the  side  of  the  furnace,  so  that  the 
heated  bars  have  only  to  be  carried  about  2  feet  distance  from  the 
furnace  mouth  to  the  cutter,  and  the  ends  cut  off  fall  into  a  trough, 
down  which  they  run  to  a  convenient  position  for  the  boys  who  feed  the 
dies.  The  finished  rivets  fall  out  below  the  disc  into  a  truck  placed  to 
catch  them,  and  are  thence  wheeled  away.  The  machine  is  speeded 
according  to  the  size  of  rivets  to  be  made  :  thus  for  1  inch  rivets  the 
disc  revolves  4  times  per  minute,  making  32  rivets  per  minute ;  and 
for  i  inch  rivets  the  disc  revolves  5  times  per  minute,  making 
40  rivets  per  minute. 
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The  objects  aimed  at  in  applying  machinery  to  rivet  making  are, 
more  xmifonn  and  perfect  manufacture  of  the  rivets,  and  a  more  rapid 
production  than  by  hand  making  ;  together  with  independence  of  the 
risks  of  delay  in  the  supply  hy  hand  work  when  large  quantities  are 
required.  But  from  the  simple  nature  of  the  work,  and  the  small 
margin  for  economy  in  manufacture  hy  the  application  of  machinery, 
only  a  very  simple  and  durahle  machine  is  suitable  for  the  purpose. 

The  advantages  found  in  the  machine  now  described  are  that  by 
the  continuous  motion  a  saving  of  time  is  effected,  and  a  larger 
quantity  of  rivets  are  produced  in  a  given  time  ;  while  the  shocks  and 
concussions  attendant  upon  stopping  and  starting  the  motion,  with  the 
consequent  jar  and  destructive  wear  and  tear,  are  avoided,  increasing 
the  durability  of  the  working  parts.  The  use  of  the  crushing  piece 
also  behind  the  header  serves  as  an  effectual  safeguard  against 
breakage,  and  prevents  the  strain  that  can  be  put  upon  the  machine 
ever  exceeding  the  intended  limit,  which  for  making  1  inch  rivets  is 
taken  at  about  20  tons.  The  whole  machine  also  lies  in  a  compact 
and  convenient  form,  taking  up  a  space  of  about  5  feet  by  9}  feet,  as 
shown  in  the  plan.  Fig.  8,  Plate  49 ;  and  only  about  8  feet  by  9}  feet 
total  space  including  the  heating  furnace. 

The  heating  furnace  is  of  a  compact  and  convenient  construction, 
8  feet  long  by  2)  feet  wide  in  the  body,  with  the  fire  at  the  back  end. 
The  flame  passes  over  the  bars  to  be  heated,  and  down  a  flue  at  the 
firont  end,  just  within  the  drawing-out  door,  thus  avoiding  any  cooling 
effect  upon  the  bars  when  the  door  is  opened,  and  keeping  up  a  veiy 
uniform  heat. 


Mr.  Jot  showed  specimens  of  the  rivets  of  different  sizes  made  by 
the  machine,  and  of  the  heading  dies  both  new  and  when  worn  out ; 
also  of  the  safety  crushing  pieces,  whole  and  broken. 

The  Ghairm AK  observed  that  there  were  many  difficulties  to  be 
overcome  in  applying  machinery  satisfactorily  to  the  manufacture  of 
rivets,  and  though  several  machines  had  been  constructed  for  the 
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purpose,  few  had  proved  durable  in  the  working  parts  or  perfect  in  the 
mode  of  making  the  rivets.  The  present  machine  though  not  new  in 
some  of  its  parts  appeared  in  others  to  present  novelties  deserving  of 
consideration.  ETe  enquired  how  long  the  machine  had  been  in 
operation,  and  what  had  been  the  wear  and  tear  of  the  working  parts, 
as  that  was  the  main  point  in  all  such  machines,  which  would  often 
work  well  for  a  time,  but  afterwards  were  always  getting  out  of  repair 
and  requiring  renewal. 

Mr.  Joy  replied  that  they  had  had  two  machines  at  work  for 
about  two  years,  and  a  larger  machine  as  shown  in  the  drawings  for 
about  one  year.  No  wear  was  yet  perceptible  on  the  working  parts, 
excepting  the  dies  and  headers,  which  of  course  had  to  be  renewed  for 
both  hand  and  machine  work  in  proportion  to  the  amount  of  work 
done.  The  two  horizontal  shafts  in  the  machine  had  been  taken  out 
and  examined,  and  were  found  entirely  free  from  wear.  The  bearings 
and  shafts  were  entirely  cast  iron,  got  up  very  true,  and  with  such  a 
large  extent  of  surface  that  the  pressure  was  never  enough  to  begin 
wearing  the  metal.  When  the  first  machine  was  made,  a  heart- wheel 
or  cam  was  employed  for  pushing  the  rivets  out  of  the  dies ;  but  the 
ends  of  the  jingle  pins  grinding  against  it  under  the  heavy  pressure  of 
forcing  out  the  rivets  caused  such  an  excessive  wear  at  that  part  that 
after  a  short  time  the  cam  had  to  be  taken  out  for  repair,  and  they  had 
turned  it  down  circular  as  an  eccentric,  and  put  on  a  loose  ring  as  a 
ready  means  of  repairing  it.  This  had  proved  so  entirely  successful 
in  removing  the  wear  that  it  had  been  permanently  adopted  in  the 
machines ;  the  head  of  the  pin  seized  the  surface  of  the  ring  under  the 
severe  pressure  of  forcing  out  the  rivet,  and  carried  the  ring  round  with 
it,  so  that  there  was  no  wear  between  the  head  of  the  jingle  pin  and  the 
ring,  while  the  large  surface  of  the  eccentric  allowed  the  ring  to  slip 
roimd  it  freely  without  sensible  wear.  The  cast  iron  crushing  piece 
behind  the  header  gave  way  occasionally  with  a  sharp  report  in  the 
ordinary  course  of  working,  particularly  on  first  starting,  before  the 
machine  got  warmed  into  its  usual  working  condition,  the  hot  blanks 
probably  being  too  much  chilled  in  the  cold  dies ;  but  a  supply  of 
crushing  pieces  was  kept  on  hand  and  a  fresh  one  put  in  whenever 
required. 
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The  Chairmax  asked  how  long  the  cast  iron  dies  lasted,  and 
whether  thej  were  chilled  in  casting,  or  were  simply  plain  castings. 

Mr.  Jot  replied  that  the  dies  usually  lasted  two  or  three  days  and 
sometimes  as  much  as  six  days.  The  cast  iron  was  toughened  by  a 
mixture  of  wrought  iron  scrap,  and  the  dies  were  merely  cast  in  sand 
and  not  chilled  ;  the  die  hole  was  drilled  afterwards  out  of  the  solid, 
and  a  groove  was  slotted  in  the  side  of  the  die  to  receive  the 
tightening  key  for  holding  it  in  the  disc,  but  no  fitting  was  requii'ed 
for  fixing  the  dies  in  their  places.  They  had  tried  casting  the  hole  in 
the  die  by  means  of  a  hollow  steel  spindle  with  water  running  through 
it,  60  as  to  chill  the  interior  of  the  hole  ;  but  this  did  not  succeed  at  all, 
and  a  sand  core  had  also  been  tried,  which  was  more  nearly  successful ; 
the  simplest  and  best  way  however  was  to  cast  the  die  solid  and  drill  the 
hole  affcerwards.  After  being  worn  out  for  one  size,  the  dies  were 
bored  out  again  several  times  for  larger  sizes  of  rivets,  before  being 
completely  worn  out.  The  header  was  also  made  of  cast  iron,  not 
chilled :  cast  iron  was  found  to  stand  better  than  steel  for  the  header, 
for  a  steel  header  had  been  tried  but  it  cracked  all  to  pieces  after 
heading  a  few  rivets,  and  steel  was  of  no  use  for  such  purposes. 

Mr.  £.  A.  CowPKR  had  also  found  cast  iron  stand  best  for  a 
similar  purpose  in  a  large  hydraulic  punching  press  for  punching  out 
red-hot  the  links  for  suspension  bridges  :  a  link  7}  feet  long  and 
1  foot  8  inches  across  the  eye  was  punched  out  of  1  inch  thickness  of 
metal  by  a  cast  iron  punch  and  die,  when  the  metal  was  red-hot.  He 
had  tried  steel  punches  also,  but  they  did  not  stand  for  punching  more 
than  half  a  dozen  links  and  were  then  spoilt,  as  the  steel  would  not 
stand  the  frequent  heating  by  contact  with  the  hot  iron  without 
craving.  Ultimately  cast  iron  punches  and  dies  alone  were  used, 
and  lasted  each  about  a  month  in  punching  out  the  links,  punching  in 
that  time  probably  200  links.  He  enquired  whether  there  was  any 
drcnlation  of  water  in  the  rivet  machine  for  keeping  the  dies  cool 
when  at  work. 

Mr.  Jot  replied  that  there  was  no  circulation  of  water  in  the  dies, 
bat  two  streams  of  water  played  over  the  disc  as  it  revolved  to  keep  it 
cool ;  it  must  not  be  too  much  cooled  however,  otherwise  the  machine 
did  not  work  well,  and  the  crushing  piece  got  broken  frequently  ;  tho 
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macbine  was  allowed  to  get  about  as  bot  as  tbe  band  coald  bear,  and 
tben  it  worked  well. 

Mr.  E.  A.  CowFEB  enquired  wbetber  any  of  tbe  macbine  riyets  bad 
been  cut  down  longitudinally  tbrougb  tbe  centre,  and  tbe  surface  tben 
polished  and  browned  witb  acid,  to  sbow  tbe  direction  of  tbe  fibre 
in  the  -rivet  bead.  In  hand-made  riyets  the  smith  first  jumped  up 
tbe  end  of  the  blank,  thereby  spreading  over  tbe  fibre  all  round,  before 
shaping  the  bead ;  and  be  thought  tbe  fibre  might  be  rather  better  laid 
over  in  that  way  than  in  the  macbine  rivets.  He  asked  whether  tbe 
comparative  strength  of  the  macbine  rivets  and  those  made  by  band 
bad  been  ascertained. 

Mr.  Jot  had  not  tried  tbe  comparative  strength  of  tbe  macbine 
made  rivets,  nor  examined  tbe  section  in  tbe  manner  suggested  for 
showing  the  fibre ;  but  as  a  means  of  showing  plainly .  each  stage 
of  the  heading  process  he  had  tried  in  the  machine  a  series  of  blanks 
too  short  to  make  the  rivet,  increasing  successively  in  length  up  to  tbe 
full  size.  This  experiment  showed  that  tbe  iron  was  first  bulged  out 
all  round  close  to  the  die,  as  soon  as  the  header  began  to  press  upon 
it ;  and  this  bulging  out  gradually  increased  in  extent  as  the  length  of 
the  blank  was  increased,  00  that  in  the  complete  rivet  tbe  bead  was 
made  by  tbe  fibres  of  tbe  iron  being  bent  over  all  round,  and  bad 
therefore  great  strength  and  solidity.  Tliis  was  further  shown  by 
tearing  off  some  of  the  rivet  heads,  when  tbe  fibre  of  the  iron  was 
found  to  be  all  broken  through  transversely,  in  consequence  of  the 
direction  it  bad  assumed  by  being  bent  over  to  form  the  bead.  Tbe 
great  advantage  in  making  rivets  by  machinery  was  that  they  were  all 
exactly  alike  ;  and  this  uniformity  was  effectually  attained  in  the 
present  macbine,  and  could  not  be  secured  except  by  the  use  of 
machinery. 

Mr.  E.  Jones  thought  tbe  strength  of  rivets  depended  mainly  on 
tbe  quality  of  iron  they  were  made  from,  and  that  there  was  not  much 
difference  in  strength  between  band  and  macbine  made  rivets  from  tbe 
same  quality  of  iron,  if  equal  care  were  taken  in  tbe  manufacture. 

The  Chairman  asked  what  was  tbe  relative  cost  of  production 
in  making  rivets  by  tbe  macbine  and  by  band,  and  tbe  capability  of  the 
macbine  as  to  extent  of  manufacture. 


RITBT-HAKIHQ  MAOHIKB.  219 

Mr.  Jot  replied  that  the  relatire  cost  of  making  the  riyets 
depended  mainly  on  the  total  quantity  to  be  made :  if  only  a  small 
quantity  were  wanted,  hand  work  was  undoubtedly  much  the  cheapest; 
but  if  a  large  quantity,  then  the  machine  would  be  the  cheapest.  The 
number  of  riyets  made  per  day  by  the  machine  depended  much  on  the 
form  of  the  head  :  an  ordinary  snap  oY  semicircular  head  was  the  best 
to  make,  but  full  large  heads  with  flat  tops  were  most  difficult, 
requiring  so  much  material  to  be  crushed  up  to  form  the  head;  and 
wme  I  inch  riyets  that  they  had  made  with  large  heads  took  as  much 
as  2}  inches  length  of  body  to  make  the  head.  Any  form  «r  size  of 
head  howeyer  could  be  made  in  the  machine  by  simply  changing  the 
header  for  one  of  the  required  shape.  •  The  number  of  riyets  made 
per  day  by  the  present  machine  in  regular  work  was  about  as  follows  :*- 

i  inch  riyeita  8  inches  long  when  finished,  80  owts.  or  4000  riyets  per  day. 
)        »  8  „  »  .   25    „  6500 

*  ,.  2J  „  ,,  20    „  9000 

*  »  2|  „  „  15    „         12000 

The  Obaibmak  enquired  what  was  the  cost  of  the  machine. 
Mr.  Jot  said  a  machine  of  the  siae  shown  in  the  drawings  cost 
about  £300,  including  an  apparatus  for  moulding  and  casting  the 
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The  Chairmak  moyed  a  yote  of  thanks  to  Mr.  Do  Bergue  and 
Kr.  Joy  for  the  paper,  which  was  passed. 


The  following  paper  was  then  read :— 
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ON  AN  APPLICATION  OF 

QIFFARD'S  INJECTOR  AS  AN  ELEVATOR 

FOR  THE  DRAINAGE  OF  COLLIERY  WORKINGS, 


Bt  Ms.  CHARLES  W.  WABDLE,  of  Leeds. 


The  apparatus  described  in  the  present  paper  was  applied  bj  the 
writer  to  meet  the  special  requirements  of  the  working  of  a  pottion 
of  the  Eippax  Colliery  near  Leeds,  where  it  has  been  in  constant 
operation  for  the  last  eight  months.  It  is  a  self-acting  apparatus  for 
raising  the  water  for  drainage  of  a  portion  of  the  pit  workings,  and  has 
completely  answered  its  intended  purpose ;  and  a  similar  application 
may  be  of  service  in  other  special  cases  where  the  cost  of  fuel  is  not  a 
consideration,  but  a  simple  and  inexpensive  apparatus  is  required  not 
needing  attendance  in  working.  In  the  present  case  a  small  portion 
of  the  colliery,  about  2  acres,  was  required  to  be  worked  out,  which 
was  lying  below  the  drainage  level  of  the  pit,  and  at  a  considerable 
distance  from  the  shaft ;  and  as  the  extent  to  be  worked  was  so 
limited,  it  did  not  allow  of  the  erection  of  a  special  pumping  engine, 
and  hand  pumping  was  employed  to  raise  the  water  a  height  of  27  feet 
to  the  upper  level  which  was  drained  by  an  engine.  This  mode  of 
draining  was  continued  for  two  years,  two  shifts  of  two  men  each 
being  employed  constantly  at  the  last  with  a  8}  inch  pump  ;  but  they 
were  not  able  to  keep  down  the  water  in  the  lower  workings  as  it  had 
increased  in  quantity,  and  some  other  less  expensive  and  more  efficient 
means  was  required  to  enable  the  rest  of  the  coal  to  be  worked  out. 

An  application  of  a  Giffard's  injector  as  an  Elevator  was  proposed 
by  the  writer  for  this  purpose,  and  was  carried  out  as  shown  in  Plates 
52,  53,  and  54.  Fig.  1,  Plate  52,  shows  a  general  plan  of  the 
colliery,  with  the  position  of  the  elevator  and  the  steam  and  discharge 
pipes ;  and  Fig.  2  is  a  general  section  taken  along  the  line  of  the 
steam  and  discharge  pipes.     The  steam  pipe,  shown  by  the  dotted 
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black  line,  is  a  wronght  iron  pipe  of  1)  inches  bore  with  screwed 
joints,  carried  60  feet  from  the  steam  boiler  to  the  shaft,  descending 
the  shaft  243  feet,  and  then  passing  along  an  inclined  heading  780  feet 
long  and  falling  27  feet  to  the  elerator,  which  takes  the  water  at  that 
leyel  and  discharges  it  hj  an  iron  pipe  of  2  inches  bore,  shown 
by  the  full  black  line,  carried  a  distance  of  300  feet  np  another 
inclined  heading  to  the  main  drainage  leyel  at  a  height  of  27  feet 
aboye. 

The  eleyator  A,  Fig.  3,  Plate  53,  is  fixed  in  a  cistern  B  snnk 
in  the  water,  so  that  the  inlet  pipe  C  is  at  the  water  leyel.  The 
eleyator  is  shown  in  section  one  third  full  size  in  Figs.  5  to  7, 
Plate  54,  and  is  a  modification  of  a  small  sized  injector,  made  in  the 
simplest  form  for  the  sake  of  cheapness.  It  consists  of  a  fixed  steam 
jet  D,  with  brass  nozzle  E  of  -^  inch  aperture,  fixed  in  a  cast  iron 
casing  A  withont  any  means  of  altering  the  position,  with  the  steam 
pipe  F  connected  at  the  top  and  the  discharge  pipe  G  at  the  bottom, 
tlie  whole  being  closed  withont  any  oyerflow ;  the  discharge  aperture 
of  the  casing  A  is  tapered  gradually  in  both  directions  to  |  inch  bore 
at  the  throat  H. 

In  consequence  of  the  great  length  of  the  supply  steam  pipe, 
1030  feet  from  the  boiler  to  the  eleyator,  provision  has  to  be  made  for 
eonstantly  carrying  off  the  condensed  water  deposited  in  the  pipe,  in 
order  to  ensure  the  eleyator  being  constantly  supplied  with  tolerably  dry 
steam,  as  the  entrance  of  water  with  the  steam  would  stop  its  action. 
This  IS  effected  by  passing  the  steam  through  the  top  of  the  depositing 
box  I,  Fig.  3,  Plate  53,  10  inches  diameter  and  3  feet  deep,  from  the 
side  of  which  the  water  flows  off  into  the  self-acting  water  trap  E, 
shown  in  section  one  third  full  size  in  Fig.  4.  The  water  trap  is  a 
elosed  cylinder  containing  a  copper  cylindrical  float  L,  8  inches  diameter 
•ad  8  inches  deep,  open  at  the  top,  and  guided  by  a  centre  tube  sliding 
op  the  small  pipe  M.  This  pipe  M  is  prolonged  outside  over  the  side 
of  the  vessel  K,  and  serves  as  the  discharge  for  the  accumulated 
water;  its  lower  end  is  closed  by  a  small  conical  valve  N  fixed  on  the 
bottom  of  the  copper  float,  which  keeps  it  closed  until  the  water  has 
aocmndated  in  the  trap  outside  the  copper  float  so  much  as  to  flow 
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over  its  sides  at  the  top,  and  to  fill  up  the  interior  of  the  float  so  that 
it  is  overweighted  and  sinks  ;  the  conical  valve  N  being  then  opened, 
the  water  contained  in  the  float  is  expelled  through  the  discharge 
pipe  M  bj  the  pressure  of  steam  upon  its  surface,  and  the  float  again 
rises  and  closes  the  pipe  ready  for  another  charge. 

The  temperature  of  the  heading  through  which  the  steam  pipe  is 
carried  is  about  72^  Fahr.,  and  the  steam  pipe  is  clothed  for  about 
one  third  of  its  length,  throughout  the  portion  from  the  boiler  to  the 
bottom  of  the  shaft,  with  a  coating  of  tarred  felt  wrapped  round  it, 
and  the.  remaining  portion  in  the  pit  is  wrapped  with  hajbands.  But 
with  the  great  length  of  the  pipe,  1030  feet,  and  its  small  diameter 
of  1|  inches,  this  clothing  is  not  sufficient  to  prevent  a  very  considerable 
amount  of  condensation  taking  place ;  and  there  is  a  constant  discharge 
from  the  water  trap  of  about  8  gallons  per  hour  during  the  working  of 
the  elevator,  a  discharge  taking  place  at  successive  intervals  of  about 
a  quarter  of  an  hour.  This  serves  quite  efficiently  for  keeping  the 
steam  supplied  to  the  elevator  free  from  water,  and  the  elevator 
continues  working  uninterruptedly  for  many  hours  together;  when 
the  supply  of  drainage  water  is  sufficient,  it  works  continuously  day 
and  night  without  any  stoppage.  It  does  not  require  any  attention  in 
working,  and  is  started  simply  by  turning  on  the  steam  at  the  boiler 
at  top,  when  the  elevator  starts  working  at  once.  There  is  no  valve 
in  the  discharge  pipe,  so  that  the  pipe  becomes  emptied  each  time 
that  the  elevator  is  stopped  working,  the  water  running  back  through 
the  instrument  and  out  at  the  inlet  pipe.  There  is  consequently  no 
pressure  of  water  to  be  overcome  at  starting,  and  the  elevator  always 
starts  working  at  once,  when  the  supply  water  is  up  to  the  level  of  the 
inlet,  but  not  if  th^  water  has  to  be  lifted  in  the  inlet  pipe.  All  that 
is  required  in  starting  the  elevator  afresh  is  to  blow  through  by 
turning  on  the  steam  for  two  or  three  minutes  to  warm  the  pipes ;  and 
then  after  sl^utting  off  the  steam  for  a  few  seconds  to  allow  the 
condensed  water  to  drain  off,  the  apparatus  is  started  at  once  in  full 
work  by  turning  on  the  steam  again. 

When  the  apparatus  was  first  set  to  work,  the  depositing  box  had 
not  been  applied,  and  the  action  of  the  elevator  became  soon  stopped 
by  an  accumulation  of  rusted  scales  from  the  interior  surface  of  the 
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wrought  iron  steam  pipe.  But  the  addition  of  the  depositing  box 
completely  removed  this  difficulty,  and  the  box  has  never  required 
opening  daring  the  eight  months  it  has  been  in  work. 

The  pressure  of  steam  at  which  the  elevator  is  regularly  worked 
is  34  lbs.  per  square  inch  above  the  atmosphere  at  the  instrument,  and 
it  will  keep  working  down  to  about  28  lbs.  pressure  when  it  stops. 
A  difference  of  pressure  of  13  lbs.  per  inch  constantly  exists  between 
the  two  ends  of  the  steam  pipe,  the  working  pressure  in  the  boiler 
bemg  47  lbs.  per  square  inch,  in  consequence  of  the  large  condensation 
in  the  pipe  and  the  resistance  occasioned  by  its  small  diameter.  The 
elevator  accordingly  stops  working  when  the  boiler  pressure  is  lowered 
to  about  40  lbs.  per  inch. 

The  temperature  of  the  delivery  water  at  the  further  end  of  the 
discharge  pipe  is  94^,  that  of  the  supply  water  being  58^ ;  and  the 
quantity  discharged  by  the  elevator  is  780  gallons  per  hour  raised  a 
height  of  27  feet.  The  consumption  of  rough  coal  slack  for  generating 
the  steam  supplied  is  about  1}  cwt.  per  hour;  the  boiler  is  a  plain 
cylindrical  one,  4  feet  diameter  and  3^  feet  long,  with  oven  setting, 
and  sapplies  steam  also  to  the  winding  engine  for  the  pit ;  but  its 
co&smnption  of  fuel  was  taken  separately  in  the  night  when  supplying 
steam  to  the  elevator  alone,  the  fdel  being  only  refuse  slack  from  thd 
pit  of  a  very  inferior  and  dirty  description,  for  which  there  is  no  other 
use.  Consequently  the  only  expense  incurred  in  the  drainage  of  the 
workings  by  the  elevator,  besides  the  little  extra  wear  of  the  boiler,  is 
the  cost  of  attendance  for  firing  the  boiler  about  once  per  hour  during 
the  night,  when  the  winding  engine  is  not  required  to  be  worked. 
There  have  been  no  expenses  for  repairs  of  the  apparatus,  the  elevator 
never  haying  been  opened  since  first  put  in  its  place,  except  on  the 
occasion  previous  to  adding  the  depositing  box  soon  after  starting,  as 
before  mentioned. 

The  following  are  some  of  the  cases  where  the  elevator  seems  to  be 
applicable  with  advantage.  Where  fuel  is  very  cheap  :  as  at  a  pit's 
VK>ath,  where  the  small  coal  is  sometimes  burnt  simply  to  get  rid  of  it. 
Where  steam  is  blowing  to  waste  :  as  in  forges  at  night,  when  the 
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production  of  steam  continues  without  occasion  for  its  use  to  the  same 
extent  as  in  the  day^  and  often  its  blowing  ofiT  at  night  is  a  nuisance ; 
this  application  of  the  elevator  has  been  made  at  Messrs..  Sharp 
Stewart  and  Go.'s  works  at  Manchester,  to  fill  up  the  tanks  during 
the  night  for  the  day^s  supply,  by  making  use  of  the  waste  steam 
previously  thrown  away.  Where  warm  water  is  of  value  in  the  top 
cistern :  as  in  the  case  of  railway  tanks  and  some  factory  purposes. 
Where  the  supply  is  seldom  needed,  and  it  is  desired  to  save  the  first 
cost  and  maintenance  of  a  pumping  engine  and  also  the  attendance  of 
an  engineman.  Where  absolute  certainty  of  having  the  water  lifted  is 
required,  over  and  above  all  considerations  of  expense :  as  in  keeping 
the  tuyeres  of  a  blast  furnace  cool ;  Messrs.  Schneider  Hannay  and 
Co.,  of  the  Ulverstone  Hsematite  Iron  Works,  are  arranging  to  attach 
elevators  to  supply  the  cisterns  that  furnish  the  water  to  the  tuyeres  of 
their  blast  furnaces,  being  unwilling  to  depend  on  their  pumps  which 
sometimes  fail,  whereas  the  elevator  never  fails ;  in  this  instance  also 
there  is  an  abundance  of  steam  raised  by  the  heat  of  the  waste  gas. 
Where  frosts  prevail  and  pumps  suffer  from  ice :  the  elevator,  like  the 
injector,  gets  itself  into  working  order  upon  the  admission  of  steam, 
even  when  the  whole  instrument  is  a  mass  of  ice,  the  heat  of  the  steam 
gradually  thawing  the  entire  mass  without  the  possibility  of  doing 
harm.  Where  the  boiler  is  far  removed  from  the  elevator :  as  in  the 
case  of  the  drainage  of  colliery  workings  described  in  the  present 
paper ;  with  the  elevator  no  attendant  need  be  sent  to  start  it  or 
mind  it. 


The  Chairhan  observed  that  the  elevator  was  a  very  interesting 
application  of  one  of  the  most  ingenious  inventions,  and  was  likely 
to  be  particularly  useful  for  special  cases  in  mining  districts,  where 
fuel  for  raising  steam  was  of  so  little  cost,  and  the  great  considerations 
were  simplicity  of  construction  and  certainty  of  action  without  requiring 
attendance. 
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Mr.  R.  GnmjFFB  said  the  elevator  was  not  an  economical  mode  of 
applying  steam  for  raising  water,  on  account  of  the  water  heing 
uselessly  heated,  bat  was  adrantageons  in  particular  cases  where 
economy  of  power  was  not  the  object  in  view,  and  where  the  steam 
was  got  without  cost  from  heat  otherwise  wasted.  They  were  now 
putting  up  an  elevator  for  a  large  papw  manufactory  near  Manchester, 
where  warm  water  was  wanted  in  the  top  ci&tem  for  the  supply  of  the 
works,  and  was  used  afterwards  for  the  boilers,  so  that  the  heat 
would  consequently  all  be  made  use  of.  At  Messrs.  Sharp  Stewart 
tnd  Co.*s  works  in  Manchester  they  had  had  an  elevator  at  work  two 
months,  supplied  with  the  waste  steam  from  boilers  heated  by  the  flues 
from  the  forge  furnaces;  the  boilers  kept  up  a  supply  of  steam  at  night 
which  was  not  wanted  for  any  other  purpose,  and  had  previously  to  be 
left  to  blow  off,  making  a  noise  that  was  a  nuisance  in  a  town.  Another 
elevator  raised  the  water  a  height  of  86  feet,  and  its  size  was  No.  7, 
of  7  millimetres  or  *  28  inch  diameter  in  the  throat,  which  was  rather 
smaller  than  the  one  described  in  the  paper ;  with  45  lbs.  pressure  of 
steam  it  delivered  340  gallons  in  1  hour  to  the  height  of  36  feet,  and 
the  temperature  of  the  water  was  raised  30**,  from  74^  to  104**.  In 
farther  experiments  they  had  tried  it  was  found  that  with  a  No.  25 
elevator,  of  25  millimetres  or  1  inch  diameter  in  the  throat,  and 
with  48  lbs.  steam,  but  only  partly  turned  on,  the  quantity  of  water 
raised  to  the  same  height  of  36  feet  was  640  gallons  in  8  minutes, 
equivalent  to  4800  gallons  per  hour ;  with  the  steam  full  on  at  46  lbs. 
pressure,  565  gallons  were  delivered  in  5)  minutes,  equivalent  to 
6160  gallons  per  hour:  the  water  was  heated  only  26^,  from  58^ 
to  84^,  which  was  the  least  rise  of  temperature  that  had  been 
observed. 

From  the  trials  made  with  the  elevator  at  Kippax  Colliery  it 
appeared  that  about  1  lb.  of  pressure  was  required  for  each  foot  of 
elevation,  since  the  water  was  there  raised  a  height  of  27  feet  and 
the  elerator  stopped  working  when  the  pressure  fell  to  about  28  lbs. 
per  sqnare  inch.  In  France  he  understood  they  had  tried  draining 
some  pits  in  a  succession  of  lifts  with  different  elevators,  each  taking 
its  supply  water  from  the  delivery  of  the  one  below;  but  such  a  mode 
of  applying  the  elevator  would  be  even  less  economical  than  the 

o  2 
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present,  beoROse  the  instmment  woald  not  work  if  the  temperRtnre  of 
the  supply  water  were  above  160^,  and  therefore  it  would  be  necessary 
to  let  the  water  be  cooled  previoos  to  the  upper  lifts,  and  a  great  waste 
of  heat  would  be  occasioned. 

Mr.  W.  Hadbn  enquired  what  was  the  sice  of  the  steam  pipe  in 
these  experiments  with  the  elevator  raising  the  water  36  feet  high ; 
and  whether  any  difficulty  was  expected  in  applying  the  elevator  on  a 
larger  scale  to  drainage. 

Mr.  B.  GuMLiFFB  replied  that  the  steam  and  delivery  pipes  were 
both  made  8  inches  diameter,  in  order  to  work  the  larger  elevator  of 
No.  25  size  or  1  inch  diameter  of  throat :  the  diameter  of  the  steam 
pipe  was  however  found  to  be  too  large,  and  it  was  therefore  replaced 
by  one  of  1^  inch  diameter,  but  the  delivery  pipe  was  not  diminished 
in  size,  in  order  to  afford  great  freedom  for  the  passage  of  the  water. 
The  elevator  at  Kippax  Colliery  had  only  g  inch  diameter  of  throat, 
and  therefore  the  1^  inch  steam  pipe  gave  steam  enough  to  work  it, 
notwithstanding  the  great  amount  of  condensation  in  the  1000  feet 
length  of  pipe.  The  small  pipe  had  the  advantage  that  there  was 
very  little  trouble  in  making  the  joints  steam-tight,  compared  with 
pipes  of  larger  diameter.  He  thought  there  would  not  be  any 
difficulty  in  applying  the  elevator  on  an  extended  scale  for  drainage 
where  the  cost  of  steam  was  not  a  consideration,  since  there  was  no 
limit  to  the  size  of  the  instrument  and  the  steam  pressure  might  be 
greatly  increased  for  higher  lifts. 

Mr.  8ahubl  Llotd  asked  whether  the  boiler  described  in  the 
paper  kept  up  the  supply  of  steam  for  the  elevator  constantly,  or 
whether  it  was  liable  to  be  short  of  steam  after  a  time. 

Mr.  Wabdlb  said  the  steam  was  easily  kept  up  by  ordinary  firing, 
and  the  same  boiler  also  worked  the  winding  engine  as  well.  In  this 
instance  it  had  been  a  question  whether  a  small  pumping  engine  shoald 
be  put  down  to  win  the  few  acres  of  coal  left  in  the  colliery,  or  whether 
the  coal  should  be  lost,  as  hand  pumping  was  not  sufficient  to  keep  oat 
the  water  ;  but  the  elevator  afforded  the  means  of  getting  all  the  coal 
out,  with  the  least  possible  cost  of  apparatus  and  without  requiring 
attendance. 
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The  CflAiBVAN  obeenred  that  the  eoonomy  of  the  elevator  in  this 
case  laj  simplj  in  its  osing  steam  that  was  not  wanted  for  any  other 
purpose,  though  the  steam  might  of  coarse  be  employed  in  a  much 
more  economical  way  in  an  engine,  if  fnel  were  of  any  importance. 

Mr.  C.  W.  iSiBHBNB  said  that  althongh  the  injector  was  -yery 
beantifnl  and  economical  in  action  where  water  had  to  be  raised  and  also 
to  be  heated,  as  in  feeding  a  boiler,  it  was  remarkably  deficient  in  respect 
of  economy  when  employed  simply  as  an  elevator  for  raising  water,  where 
the  water  was  not  required  to  be  heated.  This  was  shown  in  the 
experiment  which  had  been  mentioned,  where  the  water  was  raised  only 
36  feet  high  in  being  heated  26°  ;  but  the  perfect  equivalent  of  heat, 
as  established  definitely  by  Joule's  investigations  and  others  subsequent, 
was  that  the  heat  reqaired  to  raise  1  lb.  of  water  1^  in  temperature 
Toald  raise  1  lb.  a  height  of  772  feet,  and  1  lb.  heated  26""  would 
raise  1  lb.  a  height  of  772  x  26  or  20072  feet ;  hence  the  economy 
of  the  elevator  was  as  36  to  20072,  or  only  l-560th  of  the  theoretical 
perfect  duty  of  the  heat.  A  very  good  pumping  engine  realised  l-6th 
of  the  theoretical  effect,  and  ordinary  steam  engines  realised  1-lOth 
1o  l-14th  and  were  consequently  40  to  56  times  superior  in  duty 
to  the  elevator.  The  levator  was  therefore  economically  applicable 
oniy  where  fuel  was  no  object,  or  as  an  injector  where  the  heat  came  in 
again  osefolly,  as  in  feeding  a  steam  boiler. 

The  injector  indeed,  although  inferior  to  a  pump  in  mere  propelling 
power,  he  considered  the  most  perfect  instrument  for  feeding  boilers, 
so  long  as  the  snpply  water  was  *cool  enough  to  allow  it  to  work ;  for 
then  all  the  heat  imparted  to  the  water  was  returned  into  the  boiler 
without  any  waste,  whereas  in  using  steam  to  work  a  pump  the 
laiger  part  of  the  heat  was  wasted  by  being  thrown  away  with  the 
exhaust  steam.  The  injector  however  wonld  not  be  economical  if  the 
rapply  water  could  be  heated  by  other  means  free  of  expense,  since  its 
action  required  the  supply  water  to  be  kept  oooL 

The  amount  of  condensation  in  the  long  steam  i»pe  mentioned  in  the 
P*per  seemed  small  for  such  a  length  of  pipe,  and  he  thought  a  good 
^^  of  water  most  be  carried  across  the  depositing  box  by  the  current 
of  steam  and  pass  through  into  the  elevator.  He  had  seen  lately 
in  France  a  simple  and  efficient  contrivance  by  M.  Le  Chatelier  for 
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freeing  the  steam  from  water,  by  making  the  steam  pipe  from  the  boiler 
descend  vertically  into  the  depositing  box,  surrounded  by  a  cylindrical 
and  concentric  casing,  from  the  top  of  which  the  steam  was  taken  off 
for  the  engine ;  the  wet  steam  rushing  into  the  depositing  box  in  a 
vertical  current  carried  forward  all  the  water  it  contained  down  to  the 
bottom  of  the  box  by  the  velocity  imparted  to  it,  while  the  steam 
itself  turned  sharp  round  the  bottom  of  the  steam  pipe  and  ascended 
through  the  annular  space,  passing  off  dry,  and  the  water  was  allowed 
to  drain  back  into  the  boiler.  This  apparatus  was  applied  to  a  boiler 
which  previously  consumed  8  lbs.  of  water  per  lb.  of  fael,  and  the 
result  was  that  the  consumption  was  reduced  afterwards  to  only 
6  or  64  lbs.  of  water  real  evaporation  per  lb.  of  fuel,  while  the  engine 
went  much  faster  in  consequence  of  having  drier  steam.  But  where 
the  steam  simply  shot  across  the  top  of  the  depositing  vessel,  as 
in  the  apparatus  that  had  been  described,  he  was  satisfied  that  a 
considerable  quantity  of  water  must  be  lost  by  being  carried  across 
with  it. 

Mr.  E.  A.  GowpBB  agreed  in  thinking  that  some  water  would  fly 
across  with  the  steam  in  the  depositing  box  described  in  the  paper, 
instead  of  being  separated  from  the  steam.  But  he  thought  the  best 
plan  would  be  to  superheat  the  steam  at  the  top  of  the  shaft  sufficiently 
to  prevent  any  condensation  taking  place  in  its  passage  to  the  elevator : 
by  this  means  steam  might  be  conveyed  to  a  great  distance  without 
loss.  He  had  proposed  some  time  ago  to  superheat  the  steam  highly 
above  ground  at  a  colliery  in  the  neighbourhood,  where  a  winding 
engine  was  wanted  in  the  pit  400  yards  from  the  shaft,  and  where 
there  was  an  objection  to  having  the  boiler  down  in  the  pit,  the  upcast 
shaft  not  being  quite  large  enough  for  producing  the  draught  for  the 
boiler  as  well  as  ventilating  the  workings :  eventually  however  both 
boiler  and  engine  were  put  at  the  bottom. 

The  Sbobbtabt  had  seen  the  elevator  at  work  and  witnessed 
the  experiments  described  in  the  paper,  and  could  confirm  the 
statements  as  to  its  satisfactory  working.  A  uniform  pressure  of 
steam  was  kept  up  without  difficulty ;  and  the  elevator  started  promptly 
to  work  in  the  pit  on  turning  on  the  steam.  The  two  pressure  gauges 
used  at  the  same  time  at  the  boiler  and  the  elevator  in  the  experiments 
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were  afterwards  tried  both  together  on  the  boiler,   to  check  the 
ooirespondenee  of  their  scales. 

Mr.  M.  Smith  asked  to  what  height  water  could  be  raised  by  the 
elerator. 

Mr.  R.  OuHLiFFB  replied  that  the  height  depended  on  the  pressure 
of  steam  employed,  and  the  adjustment  of  the  steam  and  water  orifices 
in  the  instmment.  In  the  experiments  at  their  works  the  tank  into 
iduch  the  water  was  raised  was  only  86  feet  above  the  elevator,  and 
thej  had  pot  yet  had  occasion  to  use  the  elevator  for  a  greater  height. 
The  injector  however  worked  up  to  150  lbs.  pressure  per  square  inch  in 
locomotive  boilers,  which  was  equivalent  to  800  feet  h^ad  of  water. 

Mr.  G.  W.  SiBHENs  thought  there  must  be  some  imperfection 
in  adjastment  of  the  steam  nozzle  in  the  elevator  at  the  colliery,  not 
to  get  more  than  1  foot  lift  for  each  lb.  of  steam  pressure. 

Mr.  Wabdlb  said  the  elevator  was  made  without  any  means  of 
adjnstment,  since  economy  in  first  cost  of  apparatus  was  the  main 
object  to  be  attained ;  and  the  elevator  was  therefore  made  of  the 
cheapest  possible  construction,  with  the  steam  and  water  orifices 
permanently  adjusted  to  the  required  sizes  for  the  particular  work  to 
he  done,  but  with  an  excess  of  steam  supply,  in  order  to  enable  the 
devator  to  keep  the  pit  always  clear,  even  if  a  larger  quantity  of 
^nuiage  water  should  be  met  with  in  the  course  of  the  workings. 

Mr.  E.  A.  CowPBR  observed  that  the  proportion  of  1  lb.  of  steam 
pressure  per  foot  of  height  was  evidently  the  result  of  the  particular 
idjnstment  adopted  in  the  elevator  at  the  colliery ;  but  as  the  injector 
would  force  water  into  its  own  boiler,  and  even  into  a  boiler  at  a 
higher  pressure  than  that  from  which  the  steam  was  supplied,  the 
elevator  was  fully  capable  in  ordinary  work  of  raising  the  water 
2  feet  high  or  more  for  every  lb.  of  steam  pressure,  by  making  the 
adjustment  accordingly. 

Mr.  H.  Woods  thought  that  the  elevator  would  probably  be  of 
much  service  in  raising  water  where  large  quantities  of  hot  water  were 
Vnted,  as  in  breweries.  He  asked  what  was  the  lowest  level  from 
irhieh  the  feed  Vater  could  be  drawn  by  it. 

Mr.  R.  CuNLiFFB  replied  that  5  feet  was  the  lowest  level  of  the  feed 
in  their  experiments  with  the  injector,  but  this  was  dependent  on  the 
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quaBtity  of  steam  used  and  the  temperatare  of  the  supply  water,  for 
if  the  water  were  warm  the  injector  would  not  draw  it  from  so  great  a 
depth. 

Mr.  J.  ToMLiNsoN  had  fomid  the  injector  would  work  when  the 
supply  water  had  to  he  lifted  5  feet  hy  suction,  hut  stopped  if  that 
depth  was  exceeded  eyen  hy  only  an  inch  or  two. 

Mr.  M.  Smith  thought  in  many  c^ses  the  elevator  might  be 
wanted  alternately  for  the  two  purposes  of  raising  water  for  filling  a 
tank  as  an  elevator,  and  also  feeding  a  boiler  as  an  injector:  and  with 
suitable  means  of  adjustment  and  disconnecting  there  seemed  no 
reason  why  the  same  instrument  should  not  be  employed  in  the  double 
capacity. 

The  Chairman  remarked  that  the  application  of  the  injector  as  an 
elevator  to  the  drainage  of  mines  opened  a  very  large  field  for  its  use ; 
and  for  supplying  blast  furnace  tuyeres  with  water  it  would  also  be  of 
much  value  in  the  iron -making  districts.  A  large  quantity  of  steam 
was  at  present  wasted  under  a  variety  of  circumstances,  which  might 
be  turned  to  use  advantageously  by  the  elevator,  without  entailing  the 
serious  outlay  required  for  pumping  machinery. 

He  proposed  a  vote  of  thanks  to  Mr.  Wardle  for  his  paper,  which 
was  passed. 


The  following  paper  was  then  read : — 
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DESCRIPTION  OF  SELLERS'  SCREWING  MACHINE. 


By  Mr.  CHARLES  P.  STEWART,  of  Manchestbr. 


The  Screwing  Machine  described  in  the  present  paper  was  designed 
by  Mr.  W.  Sellers,  of  Philadelphia,  United  States,  to  combiae 
aocnracy  of  cat  and  greater  perfection  of  thread  than  is  obtained 
in  ordinary  screwing  machines,  with  rapidity  of  action  and  simplicity 
of  working  and  with  increased  facility  for  keeping  the  cutting  dies  in 
good  order.  The  screw  thread  is  cut  in  a  single  operation,  and  the 
finished  bolt  is  released  by  the  withdrawal  of  the  dies,  the  machine 
being  driven  continuously  in  one  direction,  without  reversing  or 
stopping. 

The  machine  is  shown  in  Plates  55  to  57  ;  Fig.  1,  Plate  55,  is  a 
longitudinal  section  through  all  the  working  parts  of  the  machine, 
•nd  Fig.  2,  Plate  56,  an  end  elevation.  Fig.  5,  Plate  57,  is  a 
longitudinal  section  of  the  die  box,  enlarged  to  one  third  fall  size ; 
and  Fig.  6  is  a  front  elevation  of  it,  with  the  cover  plate  removed  in 
order  to  show  the  dies. 

The  dies  for  catting  the  screw  thread  are  in  three  separate 
pieces  AAA,  Fig.  6,  Plate  57  ;  these  are  advanced  and  held  in  the 
requred  position  for  screwing  the  bolt  by  means  of  eccentric  ribs  or 
cams  fixed  upon  the  cover  plate,  as  shown  in  section  at  BBB,  which 
work  in  a  notch  in  the  edge  of  each  die,  as  shown  in  Figs.  5  and  7. 
h  working,  the  die  box  C  revolves  in  the  direction  of  the  arrow, 
bebg  driven  from  the  driving  shaft  D,  Fig.  1,  by  the  pinion  E  and 
apnr  wheel  F;  and  the  projecting  clutch  G  on  the  back  of  the  wheel  F 
carries  round  with  it  the  cam  plate  H,  which  thus  revolves  at  the 
aame  speed  as  the  die  box  G,  so  that  the  relative  position  of  the  cams 
and  dies  remains  unaltered  in  revolving,  and  the  dies  are  held  up  to 
^e  proper  position  for  cutting  the  thread  ^vithout  alteration  during 
workbg. 
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When  the  screwing  is  completed,  the  bolt  is  released  by  the  dies 

being  all  simultaneously  withdrawn  by  means  of  the  cams :  this  is 

effected  by  the  second  pinion  J,  Fig.  1,  Plate  55,  gearing  into  the 

spur  wheel  K  fixed  on  the  shaft  of  the  cam  plate  H.     This  pinion  J 

is  a  little  larger  in  diameter  than  the  driving  pinion  E,  and  runs  loose 

on  the  driving  shaft  D  during  the  time  that  the  dies  are  in  operation 

cutting  a  screw;    but  when  that  is  completed,  the  conical  friction 

clutch  between  the  two  pinions  is  caused  to  engage  by  pressing 

forward  the  handle  Lj  shown  dotted  in  Fig.   1,  whereby  the  spur 

wheel  K  being  of  a  little  smaller  diameter  than  the  wheel  F  is  made  to 

revolve  faster  than  the  latter,  and  causes  the  cam  plate  H  to  over-run 

the  die  box  G ;  the  dies  A,  Fig.  6,  are  thus  made  relatively  to  move 

back  along  the  cams,  so  that  they  are  withdrawn  from  the  finished 

bolt,  which  being  released  is  drawn  out  by  hand,  while  the  machine  is 

still  driven  continuously  in  the  same  direction  without  stopping  or 

reversing.     The  handle  L  on  being  released  is  immediately  brought 

back  to  its  original  position  by  means  of  the  counterbalance  weight 

attached  to  it,  thereby  disengaging  the  pinions  E  and  J,  and  pressing 

the  loose  pinion  J  against  a  leather  collar  on  the  end  frame  of  the 

machine,  the  friction  of  which  checks  the  motion  of  the  pinion  J  and 

the  spur  wheel  K  of  the  cam  plate,  allowing  the  die  box  C  to  overtake 

the  cam  plate  again ;  the  dies  are  thus  moved  forward  along  the  cams 

till  they  are  again  in  their  original  working  position  ready  for  cutting 

a  fresh  thread. 

The  adjustment  of  the  dies  to  the  exact  position  required  for  the 
size  of  bolt  to  be  cut  is  accomplished  by  means  of  a  graduated 
index  M,  Fig.  2,  on  the  spur  wheel  F  which  drives  the  die  box  O. 
The  wheel  F  is  loose  on  the  shaft  of  the  die  box,  and  in  working  is 
clamped  by  set  screws  to  the  arm  N,  Figs.  1  and  2,  which  is  keyed  on 
the  shaft.  For  advancing  the  dies,  the  arm  N  is  turned  forward  in 
the  direction  of  the  rotation,  as  shown  by  the  arrow  in  Fig.  2,  canying 
the  dies  forward  along  the  cams,  the  latter  being  held  stationary  at 
the  time  by  holding  the  spur  wheel  K  that  is  fixed  on  the  cam  plate 
shaft.  The  dies  are  thus  advanced  to  the  position  for  cutting,  and  the 
spur  wheel  F  is  then  clamped  securely  to  the  arm  N  by  the  set  screws^ 
having  previously  been  turned  so  that  the  projecting  clutch  G  on  the 


SCREWING   HACHINE.  233 

beck  of  the  vbeel  F  is  engaged  with  the  wheel  K  of  the  cam  plate. 
The  inachine  is  then  ready  for  starting  to  work.  The  total  length  of 
tbe  graduated  index  corresponds  with  the  total  length  of  the  cams ; 
and  two  holes  in  the  wheel  F  for  each  of  the  set  screws  are  sufficient 
to  sdmit  of  adjustment  thronghout  the  entire  range  of  the  index,  by 
means  of  the  slotted  arc  at  each  extremity  of  the  arm  N. 

For  changing  the  dies  in  the  die  box,  the  spur  wheel  K  is  turned 
forward  by  hand  as  far  as  it  will  more ;  this  brings  the  dies  opposite 
the  openingB  O  in  the  cam  plate  H,  Figs.  5  and  6,  Plate  57.  The 
three  fixing  screws  P  are  then  slacked  back  till  their  inner  ends 
are  flush  with  the  inside  of  the  cover  plate,  when  the  dies  can  be 
pnahed  out  through  the  holes  O.  In  putting  in  the  fresh  dies,  each 
die  is  inserted  in  turn  and  pushed  down  until  the  notch  in  its  edge 
comes  opposite  the  fixing  screw  P,  which  is  known  by  a  shoulder  on 
ihe  screw  drirer;  and  the  cam  plate  is  worked  backward  and  forward 
by  hand,  by  means  of  the  wheel  K,  to  make  sure  of  the  die  being 
properly  placed  with  the  notch  fitting  on  th^  cam ;  the  fixing  screw  is 
then  set  up,  which  secures  the  die  from  falling  out. 

In  order  to  cut  a  fall  screw  thread  on  the  bolt  in  once  running  up, 
the  dies  are  cut  with  a  perfectly  full  thread  throughout,  and  of  such 
me  as  to  fit  the  bolt  when  it  has  the  thread  cut  complete  upon  it. 
The  tops  of  the  die  threads  are  then  eased  off  on  the  side  where  the 
boh  enters,  as  shown  at  B  in  Fig.  7,  Plate  57,  commencing  at  the 
base  of  the  thread  and  terminating  at  the  top  of  the  third  or  fourth 
thread  from  the  point  of  entering.  The  thread  on  the  bolt  is  thus 
fonned  by  a  succession  of  cuts,  each  one  deeper  than  the  preceding, 
until  the  fall  deplh  is  attained. 

When  the  inachine  is  used  for  tapping  nuts,  the  catting  dies  are 
mnoTed,  and  the  tap  holder,  shown  in  Figs.  8  and  9,  Plate  57,  is 
inserted  in  the  hollow  spindle  of  the  die  box,  and  secured  from 
tandng  by  a  blank  die.  Figs.  10  and  11,  which  serves  as  a  key  fitting 
into  the  notch  in  the  tap  holder. 

The  bolt  or  nut  to  be  screwed  is  fixed  in  the  sliding  holder  S, 
Kgs.  1  and  3,  Plates  55  and  56,  sliding  freely  on  the  top  edge  of  the 
fnaning ;  the  handle  T  is  made  with  a  finger  on  it  to  fit  in  a  rack  on 
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the  framing ;  which  gives  sufficient  leverage  for  the  momentaiy 
pressure  that  has  to  he  put  upon  the  bolt  on  its  first  contact  with  the 
cutting  dies  to  ensure  its  entrance.  The  clamps  U  for  gripping  the  bolt 
or  nut,  shown  -separate  in  Fig.  4,  are  opened  or  closed  simultaneously, 
one  up  and  the  other  down,  by  two  right-and-left-handed  screws 
geared  together  by  the  pinions  V  and  worked  by  the  hand  wheel  W. 
It  is  essential  that  the  bolt  or  nut  to  be  screwed  should  be  truly  in 
the  axis  of  the  die  box,  which  is  ensured  by  boring  the  clamps  in 
their  places  in  the  machine,  and  they  are  afterwards  slotted  to  the 
required  shape. 

In  cutting  new  dies  or  re-cutting  old  ones,  a  set  of  master  taps  is 
used ;  the  leading  end  of  the  master  tap  is  supported  in  a  <nrcular 
thimble  which  slides  inside  the  hollow  spindle  of  the  die  box.  The 
dies  are  then  pressed  close  upon  the  master  tap  by  means  of  the  arm  N 
on  the  spindle  of  the  die  box,  Fig.  1,  Plate  55,  and  the  machine  is 
run  forward  and  backward ;  the  dies  are  again  closed  upon  the  tap, 
and  the  process  repeated  until  a  full  thread  is  obtained.  A  small  stop 
is  first  inserted  in  the  clutch  G  between  the  spur  wheels  F  and  K,  so 
as  to  make  them  immoveable  with  respect  to  each  other  during  the 
process  of  cutting  the  dies. 

In  this  machine  the  necessity  of  setting  up  the  dies  by  hand 
between  successive  cutB  is  obviated,  as  they  are  set  up  at  the  first  by 
the  graduated  index  of  the  cam  plate  to  the  exact  diameter  required 
for  the  finished  bolt,  and  the  screwing  is  completed  in  once  running 
the  bolt  up.  With  each  machine  a  table  is  prepared  showing  the 
position  on  the  index  to  which  the  pointer  has  to  be  set  for  cutting  bolts 
of  the  various  diameters  within  its  range ;  and  a  slight  change  in  the 
position  of  the  pointer  will  make  the  bolts  slightly  larger  or  smaller, 
as  the  case  may  require.  When  the  dies  have  become  worn  and  have 
been  re-cut,  a  readjustment  of  the  index  readily  gives  the  means  of 
bringing  them  up  to  exactly  the  same  diameter  as  previously,  so  that 
the  size  of  bolt  is  not  altered  by  re- cutting  the  dies.  The  origiiral 
adjustment  of  the  index  is  made  by  actual  trial  of  the  different 
diameters  of  bolts  in  the  machine,  the  results  being  tabulated  ;  and 
this  is  done  again  when  the  dies  are  re-cut. 
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This  screwing  machine  has  the  advantage  of  rapidity  of  action, 
pTodnoing  a  perfect  screw  thread  in  once  running  up,  while  the  time 
luaally  required  for  running  back  is  saved  by  the  plan  of  withdrawing 
the  dies  and  releasing  the  bolt.  The  machine  is  never  required  to  be 
stopped  except  for  changing  or  repairing  the  cutting  dies,  and  does  not 
need  the  application  of  a  crossed  belt  or  reversing  apparatus  for  driving 
it,  since  it  nms  continuously  in  one  direction  only.  It  is  of  small  size 
in  proportion  to  the  work  it  accomplishes,  and  is  on  a  plan  very 
convenient  for  the  workman  using  it.  As  the  dies  can  be  readily 
adjusted  to  any  diameter  of  bolt  for  which  the  machine  isitdapted,  they 
can  be  worn  down  for  a  long  time  before  requiring  renewal. 


Ifir.  CuifLiFFB  exhibited  one  of  the  screwing  machines  in  working 
order,  and  showed  its  action ;  also  specimens  of  bolts  screwed  by  the 
machine,  and  of  the  dies  used. 

'Die  Ghairhav  thought  there  were  many  joints  of  interest  in  the 
madiine,  and  had  not  previously  seen  one  in  which  the  entire  screwing 
WM  done  at  a  single  operation  without  the  machine  being  ever  reversed. 
He  enquired  how  many  of  the  machines  were  in  use  and  how  long  they 
lud  been  at  work,  and  what  was  the  largest  size  of  bolt  that  had  been 
icrewed  by  them. 

Mr.  GuNLiFFE  replied  that  there  were  a  good  many  of  the 
niiehines  in  use  in  this  country  besides  a  considerable  number  in 
America,  and  they  had  had  one  at  work  for  three  years  already  at 
tbeir  works.  The  machine  now  exhibited  was  the  smallest  size  made, 
for  screwing  bolts  up  to  1  inch  diameter,  and  the  largest  sized 
iBMhine  screwed  qp  to  2  inches  diameter,  as  shown  by  the  specimen 
tx>h exhibited  of  that  size:  there  was  also  an  intermediate  size  of 
i&icbine  for  screwing  up  to  1 J  inch  diameter.  He  showed  a  set  of 
^T«e  dies  which  had  been  in  constant  use  for  six  months  and  had 
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screwed  14,400  bolts  of  g  inch  diameter,  without  ever  being  repeat 
by  the  master  tap ;  they  had  been  faced  only  twice  on  the  grindstone 
daring  the  time,  like  an  ordinary  chasing  tool  of  a  screw-cattiQg 
lathe. 

Mr.  J.  MuRPHi  asked  what  was  the  cost  of  the  machine,  and 
whether  it  would  cut  a  square  thread  as  well  as  an  angular  one. 

Mr.  CuNLiFFB  replied  that  the  cost  of  the  machine  now  shown  for 
screwing  bolts  up  to  1  inch  diameter  was  about  £68.  They  had  not 
yet  tried  cutting  any  but  an  angular  thread,  but  he  expected  the 
machine  would  do  as  well  for  a  square  thread  if  it  were  not  too  large 
for  a  single  cut.  The  machine  had  a  great  advantage  in  rapidity  of 
work  by  completing  the  screw  at  ene  cut :  in  the  ordinary  screwing 
machines  the  screw  had  to  be  run  up  three  times  to  make  a  good 
thread,  which  with  three  times  of  withdrawing  made  six  times  altogether 
for  the  screw  to  pass  through  the  machine,  instead  of  once  only  in 
the  new  machine;  in  addition  the  time  of  stopping  and  reversing  the 
ordinary  machines  was  entirely  saved  in  the  new  one,  the  machine 
running  constantly  in  the  same  direction. 

Mr.  D.  Jot  enquired  how  many  bolts  would  be  screwed  in  a  day  by 
the  machine,  of  |  inch  diameter  and  screwed  for  a  length  of  1^  indi. 
He  had  known  500  made  per  day  of  10^  hours,  with  a  conunon 
screwing  machine  in  which  the  dies  were  withdrawn  for  drawing  back 
the  bolt,  when  working  as  fiBst  as  possible.  He  asked  also  whether 
any  difficulty  was  experienced  from  stripping  the  thread  in  cutting, 
when  the  cutting  was  completed  by  running  once  up  the  screw. 

Mr.  GuNLiFFB  replied  that  he  had  never  seen  the  thread  stripped 
in  any  of  the  bolts,  and  the  dies  gave  a  clean  cut  like  a  cbasing  tool 
in  a  lathe,  as  shown  by  the  specimens  of  bolts  exhibited.  The  machine 
cut  92  screws  per  hour  or  about  960  per  day  of '10|  hours  in  screwing 
j  inch  bolts  through  1  g  inch  length. 

Mr.  D.  Jot  enquired  whether  the  machine  was  run  round  by  hand 
in  re-cutting  the  dies  by  the  master  tap,  in  order  to  allow  of  working 
it  backwards  and  forwards. 

Mr.  GuNLiFFB  replied  that  a  crossed  strap  was  used  at  the  time  of 
cutting  or  re-cutting  the  dies,  for  the  purpose  of  reversing  the 
machine,  but  was  required  only  on  those  occasions. 
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Mr.    E.    A.    CSowPBR  observed  that  there  was  a  limit  to  the 

GiqiMknIity  of  catting  a  thread  by  once  ronBing  up  in  the  machine, 

depending  on  the  qnalitj  of  iron  that  was  being  screwed :   with  a 

large  thread  the  iron  would  give  way  and  would  not  stand  the  extreme 

strain  of  cutting  np  the  whole  thread  at  once,  unless  it  were  of  an 

vnnsnaUj  close  and  fine  textore.     He  noticed  that  though  the  small 

bolts  showed  a  good  clean  thread,  the  large  bolt  of  2  inches  diameter 

had  the  thread  ragged  in  several  places.      Probably  in  practice  the 

large  bolts  would  be  run  up  two  or  three  times  to  make  a  good  thread. 

Bell-mouthed  dies  as  used  in  the  machine  prevented  the  thread  from 

bong  run  up  of  the  full  depth  right  to  the  head  of  the  bolt,  but  this 

was  perhaps  of  little  consequence  in  the  general  make  of  bolts. 

Mr.  J.  ToMLiHSOH  thought  that  the  new  machine  had  the  objections 
of  tiie  old  ones  with  solid  dies,  and  was  much  more  complicated  in 
ocniBtniction,  the  only  advantages  being  that  the  separate  dies  could  be 
readily  sharpened  up,  and  the  fact  that  the  bolt  could  be  released 
without  running  the  machine  back ;  but  he  thought  it  questionable 
whether  even  these  advantages  would  compensate  for  the  increased 
cost  of  the  machine  itself,  and  it  appeared  to  him  not  equal  to  machines 
now  in  use  in  which  bolts  varying  slightly  in  diameter  could  readily  be 
cot.  The  differential  motion  of  the  cam  plate  and  die  box  was  certainly 
in  ingenious  contrivance. 

Mr.  J.  MuRPHT  asked  whether  different  diameters  of  bolts  could 
be  screwed  with  the  same  dies. 

Ifir.  CuBLiFFB  replied  that  this  might  be  done  to  some  extent,  but 
it  would  be  at  a  sacrifice  of  the  quality  of  the  thread  cut,  owing  to  the 
eattbg  threads  on  the  dies  being  in  that  case  at  a  slightly  different 
angle  to  the  thread  on  the  bolt  they  were  cutting.  To  ensure  a  full 
and  true  thread,  bolts  should  be  cut  only  with  dies  made  specially 
to  suit  thdr  diameters* 

The  sliding  holder  was  required  to  hold  the  bolt  perfectly  true 
in  the  centre  line  of  the  dies  in  order  to  ensure  accuracy  of  work,  and 
ibis  was  accomplished  by  making  the  machine  bore  its  own  hole  in  the 
holding  clamps  while  in  their  places,  and  they  were  afterwards  slotted 
(^i  square,  with  witnesses  of  the  boring  left  in  to  ensure  strict 
accuracy. 
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The  Chairmak  moved  a  vote  of  thanks  to  Mr.  Stewart  for  the 
paper  and  the  numerous  specimens  exhibited,  and  also  to  Mr.  Cunliffe, 
which  was  passed. 


The  Meeting  then  terminated. 
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858.  Crawhall,     Joeeph,     St.    Ann's    Wire     and     Uemft    Bcf»   WeiU, 

Newcastle-on-T^e. 
867.  Criawiok,  Theophilus,  Flymouth  Iron  Worksi  Herthyr  l^dviL 
858.  Cubitt,  Charles,  3  Great  George  Street*  Westisiliflter,  &W. 

849.  Dawes,  George,  Milton  and  filseoar  Iron  Work8»  sear  Banisley. 

860.  Dawes,  William  Henry,  Bromford  Iron  Works,  Westbromwich. 

861.  Dawson,  Benjamin,  Bngijieer,  West  Hetton  CoUierieei  near  FenyhilL 

862.  Deakin,     William,    Mtfuner    Lane    Iron    Works,    WillwWl,    mv 

Wolverhampton. 

857.  De  Bergue,  Charles,  Strangeways  Iron  Works*  Maoehester. 

858.  Dees,  James,  Whitehaven. 

858.  Dempsey,  William,  26  Great  George  Street,  Westminster,  &W. 

859.  Dixon,  Johjii  Bailway  Foundry,  Bradford,  YcMrkshira 

861.  Dixon,  Thomas,  Low  Moor  Iron  Works,  near  Bradford,  TorksUre. 

854.  Dodds,  Thomas  W.,  H(toee  Sngine  Works,  Boiherham. 

857.  Douglas,    Geoi^  K,  Messrs*  B»  St^henson  «nd   Co.,  Son(bh  Street, 

Newcastle^n-Tyne^ 
857.  Dove,  George,  St.  NioholMand  Woodbank  Iroas  Wiirks,  CasUsle* 
856.  Dudgeon,  John,  Sun  Iron  Wotks,  MillwaU,  London,  B, 

856.  Dudgeon,  William,  Son  Iron  Works,  MillwaU,  Lond<»,  B, 

857.  Dunlop,  John  MacmiUan„  Marlb<»rough  Street,  Oxford  Street,  IfaiiiiliistMr. 
854.  D«mu  TiKmasi  Windsor  Bridge  Jxim  Works,  Manchester. 

861.  Dutton,  Charles,  Bromford  Iron  Works,  Westbro^iwteb. 

860.  Dyson,  George,  Tudhoe  Iron  Works,  near  FecryhllL 

859.  Eassie,  Peter  Bpyd,  Saw  Mills,  High  Qiohafd,  GtetMMSter* 

858.  Easton,  Edward,  Grove  Worisa,  Southwaric*  London,  S,!. 
856.  Eastwood,  James,  Bailway  Iron  Works,  Derby. 

859.  Bglesttm,  llamas,  Jun^  10  Fifth  Avenne,  New  York. 

862.  Elder,  John,  Messrs.  Bandolph  Elder  and  Co.,  Centre  StrMl^  Glasgow. 
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1859.  Elliot,  QeoTge,  Songfaton-le-flpritif  ,  near  Fence  Homes. 
ISeo.  ElwvU,  TlKniiaa,  Umn.  VavnU  BIwbU  mud  Focdot)  9  Atwrae  Trudaine, 
Pttris. 

1858.  England,  (Hoig^  Hatoham  Iron  Woika,  London,  8.S. 

1861«  Bseon,  William,  Engineer,  CheHenham  Gas  Works,  COieltonhtfn. 
18S7.  Bwns,  John  OBapbell,  Mordea  Iran  Works,  East  Oreenwiok,  S.B. 

1848.  Ereritt,  George  Allen,  Kingston  Metal  Works,  Adderle^atieei,  Biraiingham. 

1857.  Fsirlie,  Robert  Frands,  66  Graoechurch  Street,  London,  E.G. 
1862.  Fanner,  John,  Shut  End  Iron  Works,  near  Dudley. 

1861.  Feamley,  Thomas,  Globe  Works,  Hafi  Lane,  Bradfoid,  TorkiAitPi. 
1847.  Fenton,  James,  Low  Ifoor  Iron  Works,  near  Bradford,  Yorkshive* 
1854.  Fomie,  Johi^  llidUMid  Railway,  Looomolive'Depniaient,  Deitiy. 

1862.  Field,  Joshua,  6  Cheltenham  Plaoe,  Lambeth,  London,  8. 
1861.  Field,  Joshua,  Jun.,  Oheltenham  PladS,  Lambeth,  London,  S, 

1861.  Fleetwood,  Daniel  Joseph,  IfetaA   Belling  Ifitls,  lokniekl  Port  KiDad, 

Birmingham. 
1847.  Fleteher,  Edward,  LooomOflt^  ftapttintendenlf,  NiaiMh  Eastern  Bail«ny, 

Ctetoehead* 
1857.  Fletcher,  James,  Messrs.  W.  Collier  and  Co.,   2    GMMigiite,    Salford, 

Manf^ester. 

1859.  Fogg,  Robert,  17  Park  Street,  Westminster,  S.W. 

1861.  Forster,  Edward,  Bpon  Lane  Glass  Works,  near  Btnninghtta. 

1849.  Forsyth,  John  C,  North  Staifordslbire  Baiilway,  Stoke^upon^Trsni 

1861.  Foster,  Sampson  Lloyd,  Old  Paxk  Iron  Worics,  WMnesboi^. 
1847.  Fothergill,  Bei^andn,  65  Omnon  SMM,  London,  B.C. 

1847.  Fowler,  John,  2  Queen  Square  Ftaoe,  Westminster,  9.W. 

1857.  Fowler,  Jolfan,  Steam  Phmgh  Works,  Leeds. 

1847.  Fox,  Sir  Charles,  8  New  Street,  Spting  €kurd«ldB,  London,  6.W. 

1859.  Fraser,  John,  Resident  Engineer,  lieeds  iBradfbrd  and  HalfEtt  aenotloa 

Bailway,  Xeeds. 

1858.  Fraser,  Joseph  Boyes,  Alma  Plaoe,  KeaUwotth. 
1856.  Fkeemain,  Jbeeph,  22  Oumon  Street,  London,  E.C. 
1852.  Fronde,  William,  Elttsleigh,  Paignton,  Toninay. 

1862.  Qalton,  Capt  Douglas,  B.  E.,  War  O^ee,  Pall  Mall,  London,  d.W. 

1847.  Garland,  William  8.,  Messrs.  James  Waltt  and  Co.,  43oho  Foundry,  near 

Birmingham. 
1846.  Gibbons,  Benjamin,  Hfll  Hampton  fiouse,  near  StenrpoH. 

1860.  Gibbons,  Benjamin,  Jun.,  Athol  House,  EdgbaSton,  Birmingham. 
1886.  Gflkes,  Edgar,  Ttos  Engine  Works,  Middlesborough. 

1862.  Godfrey,    Samuel,    Messrs.    Bolokow    and    Vaughan's    Iron    Works, 
Middlesborough. 
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1854.  Goode^  Bwtf«nfa  W.,  BL  FMd's  Square,  Birmtnghani. 

1847.  GoodfeDow,  Bts^uxun^  Hyde  Iioa  Works,  Hjde,  near  lUneheBtar. 

1848.  Oieen,  Charks,  Tube  Works,  Leek  Street,  Binningbsm. 
1861.  Oreeo,  Sdwaid,  JmL,  8  Bank  Street^  Ezchaoge,  Manchester. 
1858.  Greenwood,  Thomas,  Album  Foondiy,  Leeds. 

1857.  Qngofrj,  John,  Engineer,  Portogoese  National  Bailwaj  Soath  of  Tagu, 
Barriero,  near  Lisbon. 

1860.  Grioe,  FMeric  Gioom,  Stoar  Valley  Works,  Spon  Lane,  Westbromwieh. 

1861.  Haden,  Wmiam,  Dizon*8  Green,  Dudley. 

1861.  Haggle,  Peter,  Hemp  and  Wire  Bope  Works,  Gateshead. 

1857.  HaU,  WiOiani,  Bloomfield  Iron  Works,  I^ton. 

1860.  Hamilton,    Gilbert,    Messrs.   Jsmes   Watt  and   Co.,    Soho   Fooodiy, 

Birmingham. 

1858.  Harding,  John,  Beeston  Manor  Iron  Works,  Leeds. 

1859.  Harman,  Henrj  WiUism,  Oanal  Street  Works,  Manchester. 
1856.  Harrison,  George,  Canada  Works,  Birkenhead. 

1858.  Harrison,  Thomas  Elliot,  North  Eastern  Bailway,  Newcastle-on-Tfiie. 
1858.  HasweD,  John  A.,  North  Eastern    Railway,  LooomotiTO  Department, 
Gateshead. 

1861.  Hawkins,  William  Bailey,  88  Dowgate  HOI  Chambers,  Gannon  Street, 

London,  E.G. 

1856.  Hawksley,  Thomss,  80  Great  George  Street,  Westminster,  8.W. 
1848.  Hawthorn,  Bobert,  Forth  Banks,  Newoastle-on-iyne. 

1848.  Hawthorn,  William,  Forth  Banks,  Newcastle-on-Tyne. 

1862.  Hajnes,  Thomas  John,  Engineer  and  Shipbuilder,  Cadis. 

1860.  Head,  John,  Messrs.  Bansomes  and  Sims,  Orwell  Works,  Ipswich. 
1858.  Head,  Thomas  Howard,  Teesdale  Iron  Worlu,  Stockton-on-Tees. 
1858.  Headly,  James  Ind,  Eagle  Worlu,  Cambridge. 

1857.  Healey,  Edward  Charles,  163  Strand,  London,  W.O. 

1862.  Heath,  William  J.  W.,  Colombo,  Ceylon:  (or  care  of  John  J.  Hesti^  105 

Yyee  Street,  Birmingham.) 
1860.  Heaton,  George,  Boyal  Copper  Mint,  Icknidd  Street  East^  Birminghsm. 

1858.  Hedley,  John,  Houghton-le-Spring,  near  Fence  Houses. 
1848.  Hewitson,  William  Watson,  Airedale  Foundry,  Leeds. 

1862.  Hingley,  Samuel,  Hart's  Hill  Iron  Works,  near  Brierley  HilL 

1858.  Hodgson,  Bobert,  North  Eastern  Bailway,  Newcastle-on-Tjme. 

1852.  Holcroft,  James,  Shut  End,  Brierley  HilL 

1848.  Homersham,  Samuel  Collett,  19  Buckingham  Street,  Adelphi,  London,  W.C. 

1860.  Hopkins,  James  Innes,  Tees  Side  Iron  Works,  Middlesborough. 

1856.  Hopkinson,  John,  Messrs.  Wren   and    Hopkinson,  Altrincham  Street, 

Manchester. 
1858.  Hopper,  George,  Houghton-le-Spring  Iron  Works,  near  Fence  Housee. 
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1851.  Horton,  Joshua,  JBtna  Works,  Smethwiok»  near  Binningham. 
1858.  Honley,  William,  Jan.,   Hartley   Engine  Works,  Seaion  Sluice,   near 
North  Shields. 

1858.  Hosking,  John,  Gateshead  Iron  Works,  Gateshead. 
1860.  Howard,  James,  Britannia  Iron  Works,  Bedford. 

1860.  Howe,  William,  Clay  Cross  Coal  and  Iron  Works,  near  Chesterfield. 
1847.  Howell,  Joseph,  Hawarden  Iron  Works,  Holywell. 

1861.  Howell,  Joseph  Bennett,  Hartford  Steel  Works,  Sheffield. 

1862.  Hober,  Peter  Emile,  Vogelhutte,  Zurich. 

1861.  Huffam,  Frederick  Thomas,  Messrs.  Slaughter  Gruning  and  Co.,  Avonside 

Iron  Works,  Bristol. 
1857.  Humber,  William,  20  Abingdon  Street,  Westminster,  S.W. 
1847.  Humphiys,  Edward,  Deptford  Pier,  London,  S.E. 

1859.  Hunt,  James  P.,  Comgreaves  Iron  Works,  Comgreayes,  near  Binningham. 

1856.  Hunt)  Thomas,  Tudela  and  Bllboa  Railway,  Bilboa :  (or  care  of  James 

Hunt^  Crewe.) 

1862.  Hunter,  Michael,  Jun.,  Talbot  Works,  Johnson  Street,  Sheffield. 

1860.  Huiiy,  Henry  C,  Engineer,  West  Midland  Railway,  Worcester. 

1857.  Inshaw,  John,  Engine  Works,  Morville  Street,  Birmingham, 

1859.  Jackson,  Matthew  Murray,  Messrs.  Esoher  Wyss  and  Co.,  Engine  Works, 

Zurich. 
1847.  Jackson,  Peter  Bothwell,  Salford  Boiling  Mills,  Manchester. 

1861.  Jaoksouy  Robert,  ^tna  Steel  Works,  Sheffield. 

1860.  Jackson,  Samuel,  Cyclops  Steel  Works,  Sheffield. 

1858.  Jaffiey,  George  William,  Hartlepool  Iron  Works,  Hartlepool. 

1856.  James,  Jabes,  28a  Broadwall,  Stamford  Street,  Lambeth,  London,  S. 
1855.  Jeffcock,  Parkin,  Mining  Engineer,  Midland  Bead,  Derby. 

1861.  Jeffcock,  Thomas  William,  Mining  Engineer,  18  Bank  Street,  Sheffield. 

1857.  Jenkins,  William,  Locomotive  Superintendent,  Lancashire  and  Yorkshire 

Bailway,  MUes  Platting,  Manchester. 
1861.  Jeisop,  Sydney,  Park  Steel  Works,  Sheffield. 
1861.  Jeesop,  Thomas,  Park  Steel  Works,  Sheffield. 

1854.  Jobeon,  John,  Derwent  Foundry,  Derby. 
1847.  Jobson,  Robert,  Dudley. 

1847.  Johnson,   James,  Great   Northern   Railway,   Locomotive  Department, 

Peterborough. 

1848.  Johnson,  Richard  William,  Oldbury  Carriage  Works,  near  Birmingham. 
1861.  Johnson,  Samuel  Waite,  Engineer,  Manchester  Sheffield  and  Lincolnshire 

Bailway,  Gorton,  near  Manchester. 

1849.  Johnson,  William,  166  Buchanan  Street,  GhiBgow. 

1855.  Johnson,  William  Beckett,  Woodland^s  Bank,  Altrincham,  near  Manchettier. 


ZiV.  U8T   OF    MBMBBRS. 

1861.  Jones,  AlfM,  Herbert's  Psrk  Iron  Woiks,  Bilston. 

1861.  Jones,   DftYid,   Bngiaeer,    finmnsj   Bailway,   Maohen,    nflnr   Newport, 

Monmonthshire. 
1847.  Jones,  Edward,  Old  Psrk  Iron  Works,  Wednesboiy. 
1857.  Jones,  John  Hodgson,  26  Great  George  Street,  Westminster,  8.W. 
1868.  Joy,  Dayid,  Cfteyelsad  Engine  Works,  Middksbocoagli. 

1857.  Kay,  James  darkson,  Phosnlx  Fbnndrj,  Bnrjr,  Tanoashire. 
1857.  Kendall,  William,  LooomotlTe  Snpezintendent,  Blyth  and  Tjme  Bailwsy, 
Peroy  Main,  near  North  Shields. 

1847.  Kennedy,  James,  Oressington  Park,  Aigbnrth,  LiyerpooL 

1857.  Kennedy,  Lt-Colonel  John  Pitt,  Engineer,  Bombay  Baroda  and  Ceatnl 
Indian  Railway ;  10  Liverpool  Street,  New  Broad  Street,  London,  B.C. 

1848.  Kirkham,  John,  109  Boston  Bead,  London,  N.W. 

1847.  Eirtiey,  Matthew,  LooomotiTS  Superintendent,  Midland  Bidlwaj,  Deiby. 
1859.  Kitson,  Frederiok  William,  Monkbridge  Iron  Works,  Leeds. 

1848.  Kitson,  James,  Airedale  Foundry,  Leeds. 

1859.  Kitson,  James,  Jnn,,  Monkbridge  Iron  Works,  Leeds. 

1862.  Knott)  Joseph,  Pennington  Cotton  Mill,  Leigh,  near  Manchester. 

1860.  Law,  Dayid,  Phosnix  Iron  Works,  Glasgow. 

1857.  Layboum^  John,  Isea  Foundry,  Newport,  Monmouthshire. 

1856.  Lay  bourn,  Biohard,  Locomotive  Superintendent,  Monmouthshiie  Bsilway 

and  Canal  Company,  Newport,  Monmouthsliire. 
1860.  Lea,  Henry,  38  Wateiioo  Street,  Birmingham. 
1862.  Lee,  J.  0.  Frank,  80  Parliament  Street,  Westminster,  S.W. 
1860.  Lee,  John,  Victoria  Foundry,  litohuroh,  near  Derby. 

1857.  Lees,  Slylyester,  Looomoti^  Superintendent,  East  Lanoaahise  Bsilway, 

Bury,  Lancashire. 

1858.  Leslie,  Andrew,  Iron  Stitp  Building  Yard.  Hebbnm  Quay,  Gateshead. 
1856.  Levick,  Frederick,  Cwm-Celyn  Bhdna  and  Ooalbrook  Vale  Iron  Wotki, 

near  Newport,  Monmouthshire. 
1860.  Lewis,  Thomas  William,  Plymouth  Iran  Works,  Merthyr  lydviL 

1856.  Linn,  Alexander  Grainger,  Ljmn. 

1857.  Little,  Charles,  Beehive  Mills,  Thornton  Boad,  Bradford,  Yorkshfra 
1862.  Lloyd,  John,  lilleshall  Iron  Works,  near  WeUii^ton,  Shropshire. 
1847.  Lloyd,  Sampson,  Old  Park  Iron  Woriu,  Wednesbury. 

1852.  Lloyd,  Samuel,  Old  Park  Iron  Works,  Wednesbury. 
1862.  Ltoyd,  Wilson,  Old  Park  Iron  Works,  Wednesbury. 
1856.  Longridg^  Bobert  Bewiok,  Steam    Boiler  ABsarMiee    Gorapsa^,  Nsv 
Brown  Street,  Market  Street,  Manchester. 

1859.  Lord,  Thomas  Wilks,  2a  Alfted  Street^  Bo«r  Lane,  iMdi. 
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IMl.  Lmt,  Gooise,  Millgato  Iiob  Works,  Kewark. 
1B54.  hpMi%  JaoMi  BMeoignei  Town  HfOl,  ManehcBtor. 


1856.  MMkfly,  John,  Mount  Hennon,  Drogbeda. 

1859.  tfamiing,  Jc^m,  Boyne  Bngine  Woiks,  Hnnriot^  Leeds. 
1868.  lCaDna,BlohardC9iri8topli0r,8oatiiiBa0temBnlwa^ 

Ashford. 
IMS.  Mappin,  Fraderiok  Thorpe,  Shetf  Works,  ^effield. 

1857.  liaroh,  Geoif^e,  Union  Focmdiy,  Lseds. 
285$.  Varkhnm,  duries,  Ifidland  Bailwny,  Derby. 

1848.  MarshaU,  Edwin,  Britannia  Carriage  Works,  Birmingham. 

1862.  Marshall, James,  Engineer,  .Seaton  Delaval  OoUiery,  near  Newoastle-on-iyne. 

1859.  Marshall,  William  Ebeneser,  %nn  Foundry,  Leeds. 

1847.  Marshall,  WilUam  Prime,  61  Kewhall  Street,  Birmhigluatt. 

1859.  Marten,  Edward  Bindon,  Stourbridge  Water  Works,  Stourbridge. 

1860.  Marten,  George  Priestley,  Messrs.  Stoihert  and  Marten,  Steam  Ship  Works, 

Bristol. 
1853.  Marten,  Henry,  Parkfield  Iron  Works,  near  Wolverhampton. 
1857.  Marfindale,  Oapt  Ben  Hay,  B.B.,  War  Offioe,  Pall  Mall,  London,  S.W. 
1654.  Martlnean,  Waneis  Edgar,  GHobe  Works,  C^iveland  Street,  Birmingham. 

1857.  Maseelin,  Armand,  16  Rue  Danphine,  Paris. 

1858.  Mathews,  William,  Cofbyn*s  Hall  Iron  Works,  near  Dndley. 

1648.  Matthew,    John,    Ifessrs.    John    FOm    and   Oo.,   Marine    Engineers, 

Qieuuwioli,  8.E. 
1847.  Matthews,  WiUiam  Anthony,  Bheof  Works,  Sheffield. 

1861.  May,  Robert  Charles,  8  Great  George  Street,  Westminster,  S.W. 

1857.  May,  Walter,  Sofiolk  Works,  Berkley  Street,  Birmingham. 

I8661  lisyor,  Joseph,  Iron  Ship  Builder,  Idns,  Austria:  (or  oare  of  WilHam  Seyd, 
85  Ely  Plaoe,  Holbom,  London,  E.C.) 

1859.  Maykyr,  WlUlam,  East  Indian  Iron  Company,  Beypoor:  <or  oars  of 

E.  J.  Burgees,  8  Austin  Friars,  London,  B.C.) 
1847.  MoClean,  John  Bobinson,  17  Great  George  Street,  Westminster,  8.W. 
1880.  MoKensie^  James,  Well  House  Foundry,  Leeds. 
1859.  MoKsDzie,  John,  Yuloan  Iron  Works,  Worcester. 

1862.  MeFknrson^  Hi^sh,  Engineer,  Glouoester  Gas  Works,  Gloouester. 

1858.  Msik,  Theman,  Engineer  to  the  Biver  Wear  Oomrnissioners,  Sunderland. 
1857.  Menelaus,  William,  Dowlais  Iron  Works,  Merthyr  TydvU. 

1857.  Metford,  WiUfam  Ellis,  Flook  House,  Taunton. 

1847.  lUddleton«  THlliam,  Yulean  Iron  Foundry,  Summer  Lone,  Birmingham. 
1862.  Miers,  Francis  C,  Bohemia  House,  Chiswick,  London,  W. 

1858,  MiUer,  George  Maekey,  Great  SoutSiem  and  Western  Railway,  Dublin. 
1861  MOlwaid,  Jetai,  TTnfcm  Chambers,  High  Street,  Stourbridge. 
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856.  Mitchdl,  Charles,  Iron  Ship  BuUdiiigYaid,I^wWmUbar,NewcaBUe-on-1> 

858.  Mitchell,  James,  Melrose  Cottage,  Plnmstead  Common,  near  Woolwich,  &E. 
861.  Mitchell,  Joseph,  Worshrough  Dale  Colliery,  near  Bamsley. 

859.  Moor,  William,  Engineer,  Hetton  Collieiy,  HettOn,  near  Fence  HooseB. 

849.  Morrison,  Bohert,  Oosebnm  Engine  Works,  Newcastle-on-iyn& 

858.  Mountain,  Charles  George^  Suffolk  Works,  Berkley  Street,  Birmingham. 

857.  Muntz,  George  Frederick,  French  Walls,  near  Birmingham. 
856.  Munts,  George  Henri  Marc,  Albion  Tube  Works,  Nile  Street^  Birmingham. 

859.  Murphy,  James,  Bailway  Works,  Newport^  Monmouthshire. 

858.  Murray,  Thomas  H.,  Engine  Works,  Chester-le-Stieet,  near  Fence  Hoofles. 

848.  Napier,  John,  Vulcan  Foundry,  Glasgow. 
856.  Napier,  Bobert,  Vulcan  Foundry,  Glasgow. 

861.  Natorp,  GustaTUS,  Messrs.  Naylor  Vickers  and  Co.,  Don  Steel  Woiiu, 
Sheffield. 

861.  Naylor,  John  William,  Wellington  Foundry,  Leeds. 
858.  Naylor,  William,  Great  Indian  Peninsula  Bailway,  3  New  Broad  Street^ 

London,  E.C. 

860.  NetUefold,  Joseph  Henry,  Screw  Works,  Broad  Street,  Birmingham. 
856.  Newall,  James,  Bast  Lancashire  Bailway,  Carriage  Department,  Buiy, 

Lancashire. 

862.  Newton,  William  Edward,  66  Chancery  Lane,  London,  W.C. 

858.  Nichol,  Peter  Dale,  Locomotive  Superintendent,  East  Indian  Bailway, 
Allahabad :  (or  care  of  Anthony  Nichol,  22  Quay,  Newcastle-on-iyne.) 

850.  Norris,  BichaM  Stuart,  272  Upper  Parliament  Street,  LiyerpooL 

860.  Oastler,  William,  Engineer,  Worcester  Qbb  Works,  Worcester. 

847.  Owen,  William,  Messrs.  Sandford  and  Owen,  Phoenix  Works,  Botherham. 

859.  Paquin,  Jean  Francois,  Locomotive  Superintendent,  Madrid  SangoaBa 
and  Alicante  BaUways,  Madrid. 

860.  Parkin,  John,  Harvest  Lane  Steel  Works,  Sheffield. 

847.  Peacock,    Bichard,    Messrs.    Beyer    Peacock   and    Co.,    Gorton,   oeiu' 
Manchester. 

848.  Pearson,  John,  1  Manchester  Buildings,  Old  Hall  Street,  LiverpooL 

859.  Peet,  Henry,  London  and  North  Western  Bailway,  Locomotive  Department, 
Wolverton. 

861.  Perkins,  Loftus,  6  Francis  Street,  Begent's  Square,  London,  W.C. 
856.  Perring,  John  Shae,  104  King  Street,  Manchester. 

860.  Peyton,  Edward,  Bordesley  Works,  Birmingham. 
856.  Piggott,  George,  Birmingham  Heath  Boiler  Works,  Birmingham. 
854.  Pilkington,  Bichard,  Jan.,  Eccleston  Hall,  near  Prescot. 
859.  Pitts,  Joseph,  Old  Foundry,  Stanningley,  near  Leeds. 


LIST   OF   MEKBER8.  XYll. 

859.  Flatt,  John,  Hartford  Iron  Works,  Oldham. 
862.  Player,  John,  Norton,  near  Stockton-on-Teee. 

861.  Plum,  Thomas  William,  69  King  William  Street,  London,  E.G. 
856.  Pollard,  John,  Midland  Junction  Foundry,  Leeds. 

860.  Ponsonby,  Edward  Vinoent,  Engineer,  West  Midland  Railway,  Worcester. 
852.  Porter,  John  Henderson,  Ebro  Works,  Tiyidale,  near  Tipton, 

861.  Porter,  Bobert,  Ebro  Works,  Tividale,  near  Tipton. 

856.  Preston,  Francis,  Anooats  Bridge  Works,  Ardwick,  Manchester. 

862.  Bake,  Alfired  Stansfield,  Canal  Street  Works,  Manchester. 

847.  Bamsbottom,  John,  LooomotlTe    Superintendent,    London    and  North 

Western  Railway,  Crewe. 
860.  Bansome,  Allen,  Jnn.,  Messrs.  Worssam  and-  Co.,  King's  Road,  Chelsea, 
London,  8.W. 

862.  Bansome,  Robert  James,  Orwell  Works,  Ipswich. 

862.  Bavenhill,  John  IL,  Glass  House  Fields,  Ratcliff,  London,  B. 

859.  Bennie,  Goorge  Banks,  89  Wilton  Crescent,  Belgrave  Square,  London,  S.W. 

862.  Beynolds,  Edward,  Messrs.  Naylor  Viokers  and  Co.,  Don  Steel  Works, 

Sheffield. 
856.  BIchards,  Josiah,  Abersyohan  Iron  Works,  Pontypool. 
862.  Bichardson,  Robert^  26  Great  George  Street,  Westminster,  S.W. 

858.  Bichardson,  Thomas,  Hartlepool  Iron  Works,  HartlepooL 

859.  Bichardson,  William,  Hartford  Iron  Works,  Oldham. 

848.  Bobertson,  Henry,  Shrewsbury  and  Chester  Railway,  Shrewsbury. 

859.  Bobinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works,  Manchester. 

852.  Bofe^  Henry,  Engineer,  Birmingham    Water   Works,  Paradise  Street, 

Birmingham. 

853.  Bonayne,  Joseph  P.,  4  Harbour  Hill,  Queenstown. 

856.  Bouse,  Frederick,  Great  Northern  Railway,  Locomotive  Department^  Leeds. 

857.  Boutledge,  WiUiam,  New  Bridge  Foundry,  Salford,  Manchester. 

860.  Bumble,  Thomas  William,  6  Broad  Street  Buildings,  New  Broad  Street, 

London,  E.C. 

847.  Bosseli,  John  Scott,  20  Great  George  Street,  Westminster,  S.W. 

859.  Saere,  Charles,  Locomotive  Superintendent,  Manchester  Sheffield  and 
Lincolnshire  Railway,  Gorton,  near  Manchester. 

859.  Salt,  George,  Saltaire,  near  Bradford,  Yorkshire. 

848.  Samuel,  James,  26  Great  George  Street^  Westminster,  S.W 
857.  flamuelson,  Alexander,  28  Comhill,  London,  E.C. 

857.  Samuelson,  Martin,  Scott  Street  Foundry,  Hull. 

^I*  Sanderson,  George  G.,  Parkgate  Iron  Works,  Rotherham. 

860.  Schndder,  Henry  William,  Ulverstone  Hasmatite  Iron  Works,  Barrow, 

near  Ulverstone. 


XYIU.  LIST   OF   WBMBBRS. 

1858.  Soott,  Joeeph,  Measn.  B.  &  W.  Hawthom,  Forth  Banks,  Kewoaatie-m^TyM. 
1848,  Soott,  Michael,  26  Parliament  Street^  Wefltminflfeer,  8.W. 

1861.  Soott,  Walter  Heniy,  London  and  North  Western  Bailway,  Loeemodfe 

Dspartment,  Crewe. 
1867.  Selby,  George  Thomas,  Smethwiek  Tube  Works,  Birmfnghsm. 

1850.  Shanks,  Andrew,  6  Bobert  Street,  Adelphi,  London,  W.O. 

1862.  Shaipe,  William  John,  1  Victoria  Street,  Westminster,  &W. 

1856.  Shelley,  Oharies  Percy  Bjrsshe,  21  Parliament  Street,  WestmlnstBr,  6.W. 

1861.  Shepherd,  John,  Union  Foundry,  Hunslet  Boad,  Leeds. 

1859.  Shnttleworth,  Joseph,  Stamp  End  Wotks,  Lincoln. 

1851.  Siemens,  Oharies  William,  8  Great  George  Street,  Westminster,  8.W. 

1862.  Siemens,  Frederick,  18  Beaufort  Boad,  Edgbaston,  Birmingham. 

1862.  Silvester,  John,  Messrs.  George  Salter  and  Co.,  Spring  Balance  Works, 

Westbromwich. 
1862.  Simpson,  William,  Consenratire  dub,  St.  James*  Street,  London,  ^W. 
1847.  Sinclair,  Bobeit,  Great  Eastern  Bailway,  Stratford,  London,  B. 

1857.  Sinclair,  Bobert  Cooper,  Atherstone. 

1SS9.  Slater,  Isaac,  Gloucester  Wagon  Company,  Gloucester. 

1858.  Slaughter,  Edward,  Avonside  Iron  Works,  BristoL 

1859.  Smith,  Charles  Frederic  Stuart,  Hinhig  Engineer,  Midland  Boad,  Derby. 
1854.  Smith,  George,  Wellington  Boad,  Dudley. 

1847.  Smith,  Henry,  Spring  Hill  Works,  Blmingfaam. 

1860.  Smith,  Henry,  Brierley  Hill  Iron  Works,  Brieriey  Hill. 

1858.  Smith,  Isaac,  86  Lancaster  Street,  Bimiing)iam. 
1860.  Smith,  John,  Brass  Foundry,  Traffic  Street,  Deri>y. 

1867.  Smith,  Josiah  Timmis,  TJlverstone  Hiematite  Iron  Works,  Bamm,  near 
Ulverstone. 

1859.  Smith,  Matthew,  Faseley  Street  Wire  Mills,  Birmingham. 
1B60.  Smith,  Biehard,  The  Priory,  Dudley. 

1857.  Smith,  WilBam,  19  Salisbury  Street,  Adelphi,  London,  W.O. 

1557.  Snowdon,  Thomas,  Stockton-on-T^es. 

1859.  Sokoloff,  Capt.  Alexander,  Engineer,  Bussian  Imperial  Senice,  Steam 
Marine  Department,  Cronstadt :  (or  care  of  Messrs.  W.  Collier  and  Oo-i 
2  Greengate,  Salford,  Manchester.) 

1558.  SSrensen,  Bergerius,  Engineer-in-Ohief,  Bojral  Norwegiftn  Kavy  Depart- 

ment, Horten  Dockyard,  Norway :  (or  care  of  Messrs.  Tottie  aad  Sodb, 
2  Alderman's  Walk,  Bishopsgate  Street,  London,  B.C.) 
1859,  Spencer,  John  Frederick,  8  St.  Nicholas  Buildings,  Newoastle-on-iyne. 

1858.  Spencer,  Thomas,  Old  Park  Woriss,  near  Shiffhal. 

1854.  Spencer,  Thomas,  Newbum  Steel  Works,  Newcastle-on-Tyne. 
1862.  Stableford,  ?^lliam,  OMbury  Carriage  Works,  near  Birmingham. 
1869.  Stewart,  Charles  P.,    Messrs.    Sharp    Stewart  and  Co.,  Atlas  Wbrks. 
Manchester. 


LIST   OF   MSMBBR8.  XtX. 

1861,  Stewarl^   Jobo,    BlaokwaU   Iran    Works*    RiuaeU    Stnat*    BtookwftU, 

L(»idoD,  9b 

1857.  Stokes,  lingard.  The  White  House,  Kewent,  near  Gloooeeter. 

1862,  Strong,  Joseph  F.,  Besident  Bngineer,  East  Indian  Bailway,  Allahabad. 
1861.  Snmner,  William,  21  Olarenoe  Strset*  ICanohester. 

1860.  SwindeD,  James  B^rars,  Parkhead  Iron  Works,  Dudley. 

1859.  Swingler,  Thomas,  Ylatoria  Foundry,  litohoroh,  near  Derby. 

1861.  Tsngye^  James,  Ck>mwall  Works,  Clement  Street*  i^^n^liyh^m. 

1859.  Tsnnett*  Thomas,  Tiotoria  Foundry,  Leeds. 

1861.  Taylor,  George,  darenoe  Iron  Works,  Leeds. 

1858.  Taylor,  James,  Britannia  Bngine  Works,  Cleveland  Street^  Birkenhead. 

1863,  Tuylor,  John*  Jun.,  Hining  Engineer,  6  Queen  Street  Plaoe,  Upper  Thames 

Street,  London,  E.C. 
1863.  Taylor,  Blohard,  Mining  Engineer,  ^  Queen  Street  Flaoei,  Upper  Thames 

Street,  London,  E.C. 
1857.  Ihompson,  John  Taylor,  Messrs,  B»  and  W.  Hawthorn,  Forth  Banks, 

NewQMtle-on-Tj^e^ 
1857.  Thompson,  Bobert,  Haigh  Foundry,  near  Wigan* 

1862.  Ihompson.  WBIiam,  Spring  Garden  Engine  Works,  Newoastle-on-iyne. 
1852.  Thomson,  Geoig^  Crookhay  Iron  Works,  Westbromwioh, 

1861.  Thwaites,  Bobinson.  Yuloan   Iron  WorkSi   Thornton  Boad,.  BradfcHrd, 
Toikshtrei 

1863.  Tyou,  ^niliam,  St.  Nioholaa  Works,  Thetford. 

1861.  Tipping,  Isaao,  H.  M.  Gun  Carriage  ManufiMtory,  Madras :  (or  care  of 

H.  Tipping,  Bridgewater  Foundry,  Patricroft,  near  Manchester.) 

1862.  Tohne,  Julian  Horn,  13  Doka  Street,  Weetminster,  S.W. 

1857.  Tomlinson,  Joseph,  Jun.,  LooomotiTe  Superintendent^  Taff  Vale  BaUway, 

Cardiff. 
I696.  Tosh,  GeoKgtt,Ijooamative  Superfntendent,  Maryportand  CaxUsleBaUway, 

Maryport. 

1860.  Tovneend,  Tbomaa  C,  1ft  Talbot  Chambers,  Skpennbury. 

1861  Trowiid,  Charies,  Gieat  Korthem  Bailway,  Locomotive  Depftrtment, 

Doncaster. 
1856.  Txom,  Tkmamt  Shrewsbm^  and  Chester  Bailway,  Gaiziage  Deptrtmant, 

Chester. 
1859.  TtuMT,  Bdwin,  Bowling  Iron  Works,  near  Bradford,  Yorkshire. 
1856.  Tyinr,  C^pt  Henry  Wheetley,  BJS.,  BaUway  Department^  Boavd  of  Trade, 

Whitehall,  London,  SwW. 

1862.  Upward,  Alfted,  Bnginav;  Chartered  Qae  Company,  li6  GosxiaU  Street, 
London,  E.C. 


xn. 


LIST   OF   MSMBBRS. 


856.  lGtehdl,Chaiia,lRmSliipBiiildiiigTaid,l4mWa]]Mr,N^ 

858.  Mitchdl,  James,  MeliofleCkittege,niiii»lBftdGoiii]iK^ 

861.  Hitchdly  Jo0ei^  Wonbroo^  Dale  Gollierj,  near  Bamdey. 

859.  Moor,  William,  Bngineer,  HettOQ  CoQkry,  Hetton,  near  Feooe  Hooses. 

849.  Hofriaon,  Bobert,  Onaelram  Engiiie  Worka,  NeweaaUe-on-TjmeL 

858.  Moontain,  Chariea  GeoigB,  Suffolk  Worica,  Berkief  Stieei,  Binningfaam. 

857.  Hants,  Geoige  Frederick,  French  Walla,  near  Birmingliam. 

856.  Hants,  George  Henri  Maic,  Albion  Tube  Works,  Nile  Street^  Birmin^iaiii. 

859.  Hoiphj,  James,  Baflwaj  Woriu,  Newport^  Himmonthahire. 

858.  Honaj,  Thomas  H.,  Engine  Wotks,  Chester-Ie-Streeik  near  Fence  Hooaas. 

848.  Napier,  John,  Vnloan  Foondiy,  Glasgow. 
856.  NH>ier,  Bobert,  Volcan  Foondiy,  Glasgow. 

861.  Natorp,  Gnstams,  Hessrs.  Naylor  Yicken  and  Oa,  Don  Steel  Works, 
Sheffield. 

861.  Najlor,  John  William,  Wellington  Foondiy,  Leeds. 

858.  Naylor,  William,  Great  Indian  Peninsola  Bailway,  8  New  Broad  Stnet, 
London,  B.C. 

860.  NetUefold,  Joe^h  Heniy,  Screw  Works,  Broad  Street,  Birmingham. 
856.  Newall,  James,  East  Lancashire  BaUway,  Carriage  Department,  Borf, 

Lancashire. 

862.  Newton,  William  Edward,  66  Chancery  Lane,  London,  W.C. 

858.  Nichol,  Peter  Dale,  Looomottye  Soperintendent,  East  Indian  Baflwty, 

AUahabad :  (or  care  of  Anthony  Nichol,  22  Qoay,  Newcastle-on-T^) 

850.  Norris,  Biohai^  Stoart,  272  Upper  Parliament  Street,  Liverpool 

860.  Oastler,  William,  Engineer,  Woroester  Gas  Works,  Worcester. 

847.  Owen,  William,  Messrs.  Sandford  and  Owen,  Phoenix  Works,  Botherhtm. 

859.  Paqoin,  Jean  Franfois,  Looomotiye  Soperintendent,  Madrid  SaragoesB 

and  Alicante  Bailways,  Madrid. 

860.  Parkin,  John,  Harreet  Lane  Steel  Works,  Sheffield. 

847.  Peacock,    Bichard,    Messrs.    Beyer    Peacock   and    Co.,    Gorton,   nev 

Manchester. 

848.  Pearson,  John,  1  Manchester  Boildings,  Old  Hall  Street,  LiTeipooL 

859.  Peet,  Henry,  London  and  North  Western  BaUway,  Locomotive  Department, 

Wolverton. 

861.  Perkins,  Loftos,  6  Francis  Street,  Begent^s  Sqoare,  London,  W.C. 
856.  Perring,  John  Shae,  104  King  Street,  Manchester. 

860.  Peyton,  Edward,  Bordesley  Works,  Birmingham. 

856.  Piggott,  George,  Birmingham  Heath  Boiler  Works,  Birmingbam. 
854.  Pilkington,  Bichard,  Jan.,  Ecoleston  Hall,  near  Preecot. 
859.  Pitts,  Joseph,  Old  Foondry,  Stanningley,  near  Leeds. 


LIST   OF   HEMBBRS.  XTll. 

1859.  Platty  John,  Hartford  Iron  Works,  Oldhfon. 
1862.  Plajer,  John,  Norton,  near  Stockton-on«TeeB. 

1861.  Plum,  Thomas  William,  69  King  William  Scroet,  London,  E.C. 
1856.  Pollard,  John,  Midland  Junction  Foundiji  Leeds. 

1860.  Ponsonbj,  Edward  Vincent,  Engineer,  West  Midland  Bailwaj,  Worcester. 
1852.  Porter,  John  Henderson,  Ebro  Works,  Tiiridale,  near  Tipton, 

1861.  Porter,  Bobert,  Ebro  Works,  Tividale,  near  Tipton. 

1856.  Preston,  Francis,  Ancoats  Bridge  Works,  Ardwick,  Manchester. 

1862.  Bake,  Alfired  Stansfield,  Canal  Street  Works,  Manchester. 

1847.  Bamsbottom,  John,  Locomotive    Superintendent,    London    and  North 

Western  Bailway,  Crewe. 
1860.  Bansome,  Allen,  Jun.,  Messrs.  Worssam  and-  Co.,  King*s  Boad,  Chelsea, 
London,  S.W. 

1862.  Bansome,  Bobert  Jamee,  Orwell  Works,  Ipswich. 

1862.  Bavenhill,  John  IL,  Glass  House  Fields,  Batcliff,  London,  E. 

1859.  Bennie,  George  Banks,  89  Wilton  Crescent,  Belgraye  Square,  London,  S.W. 

1862.  Beynolds,  Edward,  Messrs.  Najlor  Yickers  and  Co.,  Don  Steel  Works, 

Sheffield. 
1856i  Bichards,  Josiah,  Abersjchan  Iron  Works,  Pontypool. 
1862.  Bichardson,  Bobert»  26  Great  George  Street,  Westminster,  S.W. 

1858,  Bichardson,  Thomas,  Hartlepool  Iron  Works,  Hartlepool. 

1859.  Bichardson,  William,  Hartford  Iron  Works,  Oldham. 

1848.  BobertBon,  Henry,  Shrewsbury  and  Chester  Bailway,  Shrewsbury. 

1859.  Bobinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works,  Manchester. 
1852.  Bofe,  Henry,  Engineer,  Birmingham    Water   Works,   Paradise  Street, 

Birmingham. 
1853*  Bonayne,  Joseph  P.,  4  Harbour  Hill,  Queenstown. 

1856.  Boose,  Frederick,  Great  Northern  Bailway,  Locomotiye  Department,  Leeds. 

1857.  BouUedge,  William,  New  Bridge  Foundry,  Salford,  Manchester. 

1860.  Bumble,  Thomas  William,  6  Broad  Street  Buildings,  New  Broad  Street, 

London,  E.C. 
1647.  Bnaseli,  John  Scott,  20  Great  George  Street,  Westminster,  8.W. 

1B59.  Sacrg,  Charles,  Locomotiye  Superintendent,  Manchester  Sheffield  and 
Lhioolnshire  Bailway,  Gorton,  near  Manchester. 
*  1859.  Salt,  George,  Saltaire,  near  Bradford,  Yorkshire. 
1848.  Samuel,  James,  26  Great  George  Street,  Westminster,  S.W 
1857.  Samuelson,  Alexander,  28  Comhill,  London,  E.C. 
1857.  SamuelBon,  Martin,  Scott  Street  Foundry,  Hull. 

1861.  Sanderson,  George  G.,  Parkgate  Iron  Works,  Botherham. 

I860.  Schneider,  Henry  William,  Ulyerstone  HaBmatite  Iron  Works,  Barrow, 
near  Ulyerstone. 


Till. 


LIST   OF   HBMBEB8. 


1857.  Armstrong,  Joeeph,  Great  Western  Railway,  LooomotiYe  Departmenti 

Wolverhampton, 
858.  Armatrong,  Sir  William  Qeorge,  Elswiok,  Newoastle-on-iyne. 

857.  Aahbury,  Jamee  Lloyd,  Openshaw  Worku,  near  Manchester. 
848.  Aflhbuiy,  John,  Openshaw  Works,  near  Manchester. 

858.  Atkinson,  Charles,  Fitsalan  Steel  Works,  Sheffield. 


848.  Bagnall,  William,  Gold's  Hill  lion  Works,  Westbromwich. 
860.  Bailey,  Samuel,  Mining  Engineer,  The  Fleck,  near  Walsall. 
848.  Baker,  William,  London  and  North  Western  Railway,  Euston  Station, 

London,  N.W. 
860.  Barclay,  John,  Bowling  Lron  Works,  near  Bradford,  Torkshire. 
860.  Barker,  Paul,  Old  Park  Iron  Works,  Wednesbury. 
862.  Barrow,  Joseph,  Wellington  Foundry,  Leeds. 
862.  Barton,  Edward,  Rutland  Steel  Works,  Sheffield. 

847.  Barwell,  William  Harrison,  Eagle  Foundry,  Northampton. 

859.  Bastow,  Samuel,  Cliff  House  Iron  Works,  West  Hartlepool. 

860.  Batho,  William  Fothergill,  Bordesley  Works,  Birmingham. 

859.  Beacock,  Robert,  Victoria  Foundry,  Leeds. 

860.  Beale,  William  Phipson,  Parkgate  Iron  Works,  Rotherham. 

848.  Beattie,  Joseph,  LooomotiYe  Superintendent,  London  and  South  Westeni 

Railway,  Nine  Elms,  London,  S. 

859.  Beck,  Edward,  Messrs.  Neild  and  Co.,  Dallam  Iron  Works,  Warrington. 

860.  Beck,  Richard,  Lister  Works,  Upper  Holloway,  London,  N. 
862.  Beckett,  Henry,  Mining  Engineer,  Upper  Penn,  Wolyerhampton. 

858.  Bell,    Isaac    Lothian,    Clarence     Felling    and    Wylam    Iron   WorU 
Newcastle-on-Tyne. 

857.  Bellhouse,  Edward  Taylor,  Eagle  Foundry,  Hunt  Street,  Oxford  Street, 

Manchester. 
854.  Bennett,  Peter  Duckworth,  Spon  Lane  Iron  Works,  Westbromwich. 

861.  Bessemer,  Henry,  4  Queen  Street  Place,  New  Cannon  Street,  London,  EC. 
847.  Beyer,   Charles    F.,    Messrs.    Beyer   Peacock   and    Co.,   Gorton,  netr 

Manchester. 

861.  Binns,  Charles,  Mining  Engineer,  day  Cross,  near  Chesterfield. 
847.  Birley,  Henry,  Haigh  Foundry,  near  Wigan. 

856.  Blackburn,  Isaac,  Witton  Park  Iron  Works,  Darlington. 

851.  Blaokwell,  Samuel  Holden,  Russell's  Hall  Iron  Works,  near  Dudley. 

862.  Blake,  Henry  Wollaston,  Messrs.  James  Watt  and  Co.,  18  London  Street, 

London,  E.C. 
862.  Blyth,  Alfred,  Steam  Engine  Works,  Fore  Street,  Limehouse,  London,  E- 
862.  Bouch,  Thomas,  78  George  Street,  Edinburgh. 

858.  Bouch,  William,  Shildon  Engine  Works,  Darlington. 

847.  Bovill,  George  Hinton,  Durnsford  Lodge,  Wandsworth,  Surrey,  S.W. 


LIST   OF   MBMBBBS.  IX. 

1858.  Bower,  John  Wilkes,  Lanoashiro  and  YorkjBhire  Bailway,  Engineer's  Offioe, 

Ifanohester. 
1862.  Boyd,  Nelson,  Mining  Engineer,  Haztington,  near  Ashbourne. 
1854.  Bragge,  William,  Atlas  Steel  Works,  Sheffield. 

1854.  Bramwell,  Frederick  Joseph,  85a  Great  George  Street,  Westminster,  8.W. 
1856.  Bray,  Edwin,  Neyill  Holt»  near  Market  Harborongh. 

1861.  Briefly,  Henry,  27  Southampton  Buildings,  London,  W.C. 

1848.  Broad,  Bobert,  Horseley  Iron  Works,  near  Tipton. 

1847.  Brown,  James,  Jun.,  Messrs.  James  Watt  and  Co.,  Soho  Foundry,  near 

Birmingham. 
1850.  Brown,  John,  Atlas  Steel  Works,  Sheffield. 

1855.  Brown,  John,  Mining  Engineer,  Bamsley. 

1856.  Brown,  John,  Mining  Engineer,  Bank  Top,  Darlington. 
1858.  Brown,  Ralph,  Patent  Shaft  Works,  Wednesbury, 

1858.  Bum,  Henry,  Midland  Bailway,  Looomotiye  Department,  Sheffield. 

1856.  Builer,  Ambrose  Edmund,  Eirkstall  Forge,  Leeds. 

1859.  Butler,  John,  Old  Foundry,  Stanningley,  near  Leeds. 

1859.  Butler,  John  Ootayius,  Xjrkstall  Forge,  Leeds. 

1857.  Oabry,  Joseph,  Midland  Great  Western  Bailway,  Dublin 
1847.  Oabry,  Thomas,  North  Eastern  Bailway,  York. 

1847.  Oammell,  Charles,  Cyolops  Steel  Works,  Sheffield. 

1860.  Cannell,  Fleetwood  James,  Old  Park  L!on  Works,  Wednesbury. 

1860.  Carbutt,  Edward  Hamer,  Yuloan  Iron  Works,  Thornton  Boad,  Bradford, 

Yorkshire. 
1862.  Garpmael,  William,  24  Southampton  Buildings,  London,  W.C. 

1856.  Carrett,  William  Elliott,  Sun  Foundry,  Leeds. 

1858.  Carson,  James   Irving,    Locomotive   Superintendent,  West   Hartlepool 

Harbour  and  Bailway,  Stockton-on-Tees. 
1849.  Chamberlain,  Humphrey,  8  St  John's,  Wakefield. 

1857.  Chrimes,  Bichard,  Messrs.  Guest  and  Chrimes,  Brass  Works,  Botherham. 
1854.  Clark,  Daniel  Kinnear,  11  Adam  Street,  Adelphi,  London,  W.C. 

1859.  dark,  George,  Monkwearmouth  Engine  Works,  Sunderland. 
1862.  Clark,  James,  Wdlington  Foundry,  Leeds. 

1859.  day,  William,  Mersey  Steel  and  Iron  Works,  Sefton  Street,  LiverpooL 
1847.  CUft,  John  Edward,  Dumford  Place,  Coventry  Boad,  Birmingham. 

1860.  dunes,  Thomas,  Yulcan  Iron  Works,  Worcester. 

1847.  Cochrane,  Alexander  Brodie,  Woodside  Iron  Works,  near  Dudley. 

1858.  Cochrane,  Charles,  Woodside  Iron  Works,  near  Dudley. 
1860.  Cochrane,  Henry,  Ormesby  Iron  Works,  Middlesborough. 
1854.  Cochrane,  John,  Woodside  Iron  Works,  near  Dudley. 

1847.  Coke,  Bichard    George,    Mining  Engineer,  6  Market  Hall  Chambers, 
Chesterfield. 
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We  earnestly  pray  that  your  Majesty  and  your  Royal  Family  may 
be  supported  in  this  great  afiSiction  by  the  conscionsness  of  the  entire 
devotion  and  sympathy  of  all  yonr  subjects  ;  and  that  your  Majesty's 
life  may  be  prolonged  for  many  years  in  health  and  happiness,  to 
reign  oyer  a  faithful  and  affectionate  people. 

For  the  Institution  of  Mechanical  Engineers, 

W.  G.  Armstbomo, 
President. 


The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 
The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL. 

1862. 

The  Council  have  much  pleasure,  on  this  the  Fifteenth  Anniversary 
of  the  Institution,  in  congratulating  the  Members  on  the  very  satis- 
factory progress  and  prosperous  condition  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December,  1861,  shows  a  balance  in  the  Treasurer's 
hands  of  £1420  95.  bd.  after  the  payment  of  the  accounts  due  to  that 
date.  The  Finance  Committee  have  examined  and  checked  the 
receipts  and  payments  of  the  Institution  for  the  last  year  1861,  and 
report  that  the  following  balance  sheet  rendered  by  the  Treasurer  is 
correct.     (^See  Balance  Sheet  appended,) 

The  Council  report  with  great  satisfaction  the  continued  increase 
in  the  number  of  Members  that  has  taken  place  during  the  past  year ; 
the  total  number  of  Members  of  all  classes  for  the  year  being  464,  of 
whom  18  are  Honorary  Members,  and  3  are  Graduates. 

The  following  deceases  of  Members  of  the  Institution  have  occurred 
during  the  past  year  1861 :  — 
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WnxiAH  D.  BURLIKSON,  .  Sunderl&ud. 

JOHK  H0RRn>OE  D&ANE,   .  Liverpool. 

Eaton  Hodgkinsov,     .  Manohester. 

John  Lbbs,        ....  Ashton-under-Lyne. 

John  Boss, BirmiTigham. 

Thoicas  John  Taylor,     .  NewoaBtle-on-Tyne, 

The  Council  have  the  pleasare  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year,  and 
expressing  their  thanks  to  the  donors  for  the  yaluable  and  acceptable 
additions  they  have  presented.  The  Council  wish  to  urge  on  the 
attention  of  the  Members  the  important  advantage  of  obtaining  a 
good  collection  of  Engineering  Books,  Drawings,  and  Models  in  the 
Institution,  for  the  purpose  of  reference  by  the  Members  personally 
or  by  correspondence;  and  they  trust  this  desirable  object  will  be 
promoted  by  the  Members  generally,  so  that  by  their  united  aid  it 
may  be  efficiently  accomplished.  Members  are  requested  to  present 
to  the  Institution  copies  of  their  works. 

LIST  OF  DONATIONS  TO  THE  LIBRARY. 

Report  of  the  Committee  on  the  Construction  of  Submarine  Cables;    from 

Capt  GaltoD,  R.E. 
Fourth  Report  of  the  Commissioner  on  the  Internal  Communications  of  New^ 

South  Wales ;  from  Capt  Martindale,  R.E. 
Statistical  Begister  of  New  South  Wales ;  from  Capt.  Martindale,  R.E. 
Trestise  on  the  Steam  Engine,  by  John  Bourne ;  from  Mr.  James  Kennedy. 
MUls  and  Millwork,  by  William  Fairbaim ;  from  the  author. 
Iron,  its  History  and  Manufacture,  by  William  Fairbaim ;  from  the  author. 
Report  of  the  Commissioner  of  Patents,  United  States,  1859. 
The  Channel  Railway,  by  James  Chalmers ;  from  the  author. 
Report  of  the  Manchester  Association  for  the  Prerention  of  Steam  Boiler 

Explosions ;  from  Mr.  Lavington  E.  Fletcher. 
ProoeedingB  of  the  Royal  Institution  of  Great  Britain,  from  the  commencement ; 

from  the  Institution. 
Proceedings  of  the  Institution  of  Civil  Engineers ;  from  the  Institution. 
Report  of  the  British  Association  for  the  Advancement  of  Science ;   &om  the 

Association. 
Transactions  of  the  North  of  England  Institute  of  Mining  Engineers ;  from  the 

Institute. 
Proceedings  of  the  French  Institution  of  Civil  Engineers ;  from  the  Institution. 
Journal  of  the  Royal  United  Service  Institution ;  from  the  Institution. 
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Transactions  of  the  Institution  of  Engineers  in  Scotland ;  from  the  Instttutioa. 

Proceedings  of  the  South  Wales  Institute  of  Engineers ;  from  the  Institute. 

Transactions  of  the  Royal  Scottish  Society  of  Arts ;  from  the  Society. 

Beport  of  the  Royal  Cornwall  Polytechnic  Society;  from  the  Society. 

Journal  of  the  Society  of  Arts ;  from  the  Society. 

The  Engineer;  from  the  Editor. 

The  Mechanics*  Magazine ;  from  the  Editor. 

The  Civil  Engineer  and  Architect's  Journal ;  from  the  Editor. 

The  London  Journal  of  Arts ;  from  the  Editor. 

The  Artisan  Journal ;  irom  the  Editor. 

The  Practical  Mechanic's  Journal ;  from  the  Editor. 

The  Mining  Journal ;  from  the  Editor, 

The  Railway  Record ;  from  the  Editor. 

'1  he  Steam  Shipping  Journal ;  from  the  Editor, 

Photographs  of  Steam  Engines ;  from  Mr.  T.  H.  Murray. 

The  Council  hare  great  satisfaction  in  referring  to  the  number  of 
Papers  that  have  been  brought  before  the  meetings  during  the  past 
year,  and  the  practical  value  and  interest  of  many  of  the  communications, 
which  form  a  valuable  addition  to  the  Proceedings  of  the  InstitatioD. 
The  Council  request  the  special  attention'  of  the  Members  to  the 
importance  of  their  aid  and  co-operation  in  carrying  out  the  objects  of 
the  Institution  and  maintaining  its  advanced  position,  by  contribatiog 
papers  on  Engineering  subjects  that  have  come  under  their  observation, 
and  communicating  the  particulars  and  results  of  executed  works  and 
practical  experiments  that  may  be  serviceable  and  interesting  to  the 
Members ;  and  they  invite  communications  upon  the  subjects  in  the 
list  appended,  and  other  subjects  advantageous  to  the  Institution. 

The  following  Papers  have  been  read  at  the  meetings  during  the 
last  year : — 

Address  of  the  President,  Sir  William  G.  Armstrong. 

Description  of  the  Buda  Wrought  Iron  Lighthouse ;  by  Mr.  John  H.  Porter,  of 

Birmingham. 
On  Benson's  High  Pressure  Steam  Boiler;    by  Mr.  John  Jamee  Russell,  of 

Wednesbury. 
Description  of   a  method  of  Supplying  Water  to  Locomotive  Tenders  whiUt 

running ;  by  Mr.  John  Bamsbottom,  of  Crewe. 
Description  of  a  Self-acting  Machine  for  Spooling  Thread;   by  Mr.  WiUiSffl 

Weild,  of  Manchester. 
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On  a  new  mode  of  Coking  in  Ovens,  applied  to  the  Staffordshire  Slack;  by 

Mr.  Alexander  B.  Cochrane,  of  Dudley. 
On  a  Boiler,  Engine,  and  Surface  Condenser,  for  rery  high  pressure  steam  with 

great  expansion ;    by  Alexander  W.  Williamson,  Fh.D.,  and  Mr.  Loftus 

Perkins,  of  London. 
Od  the  MaDufiacture  of  Steel  Bails  and  Armour  Plates ;  by  Mr,  John  Brown,  of 

Sheffield. 
On  the  Manufacture  of  Cast  Steel  and  its  Application  to  constructive  purposes ; 

by  Mr.  Henry  Bessemer,  of  London. 
On  the  Strength  of  Steel  containing  difiierent  proportions  of  Carbon ;  by  Mr.  T. 

Sdward  Yickers,  of  ShefiSeld. 
Oq  the  OoDstmction  and  Erection  of  Iron  Piers  and  Superstructures  for  Bailway 

Bridges  in  alluvial  districts ;  by  Lt.-Colonel  J.  P.  Kennedy,  of  London. 
On  Oast  Iron  Tubbing  used  in  sinking  shafts ;  by  Mr,  John  Brown,  of  Barnsley. 
Description  of  a  Bivet-Making    Machine;    by  Mr.   Charles  De  Bergue,    of 

Manchester. 
On  an  application  of  Giffard's  Injector  as  an  Elevator  for  the  Drainage  of  colliery 

workings;  by  Mr.  Charles  W.  Wardle,  of  Leeds. 
Description  of  Sellers*  Screwing  Machine;    by  Mr.   Charles  P.   Stewart,  of 

Manchester.  <» 

The  Conncil  have  particular  pleasure  in  referring  to  the  great 
STiccess  and  interest  of  the  Meeting  of  the  Institution  in  Sheffield  last 
sammer,  and  in  expressing  their  special  tHanks  to  the  Local  Committee 
and  the  Honorary  Local  Secretary,  Mr.  T.  P.  Cashin,  for  the  excellent 
reception  that  was  given  to  the  Members  of  the  Institution  on  that 
occasion ;  and  they  look  forward  with  much  confidence  to  the  important 
sdrantages  arising  from  the  continuance  of  these  Meetings  in  different 
parts  of  the  country,  from  the  facilities  afforded  by  them  for  the 
personal  communication  of  the  Members  in  different  districts  of  the 
country,  and  the  opportunities  of  visiting  the  important  Engineering 
Works  that  are  so  liberally  thrown  open  to  their  inspection  on  those 
occasions. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  will  go  out  of  office  this  day,  according  to  the 
rules  of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present 
annual  meeting  for  the  election  of  the  Officers  and  Council  for  the 
ensuing  .year. 
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SUBJECTS  FOR  PAPERS. 


Steax  E5QINB  Boilers,  partioulan  of  oonstruotion — form  and  extent  of  heating 
larfeoe— relative  value  of  radiant  surface  in  effect  and  economy— cost — 
oonsnmption  of  fuel— evaporation  of  water — ^pressure  of  steam— density  and 

heat  of  steam — superheated  steam,  simple  or  mixed  with  common  steam 

pressure  gauges— safety  valves— water  gauges— explosion  of  boilers,  and 
means  of  prevention — efifoots  of  heat  on  the  metal  of  boilers,  low  pressure 
and  high  pressure— «teel  boilers — incrustation  of  boilers,  and  means  of 
preyeation— evaporative  power  and  economy  of  different  kinds  of  fuel,  coal, 
wood,  charcoal,  peat,  patent  coal,  and  coke — ^moveable  grates,  and  smoke- 
ooDsaming  apparatus,  facts  to  show  the  best  plan,  and  results  of  working — 
plans  for  heating  feed  water — ^mode  of  feeding— circulation  of  water. 

^TEAM  Bnoutes — expansive  force  of  steam,  and  best  means  of  using  it — ^power 
obtained,  by  various  plans— comparison  of  double  and  single  cylinder 
engines— combined  engines — compound  cylinder  engines— comparative 
advantages  of  direct-acting  and  beam  engines — engines  for  manufacturing 
pnrposes—horiaontal  and  verticals-condensing  and  non-condensing — 
ii\jection  and  surface  condensers— air  pumps — governors — valves,  bearings, 
&c.— improved  expansion  gear— indicator  diagrams  from  engines,  with 
detiuls  of  useful  effect,  consumption  of  fuel,  &c.-— contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

PuHFiKO  Engines,  particulars  of  various  constructions — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel— size  of  steam  cylinder  and  degree  of  expansion — number  and  sise 
of  pomps,  and  strokes  per  minute— speed  of  piston — pressure  upon  pump — 
elTectiye  horse  power  and  duty— comparison  of  double-acting  and  single- 
icting  pumping  engines— construction  of  pumps — ^plunger  pumps— bucket 
pomps— particular  details  of  different  valves — ^india-rubber  valves,  durability 
and  results  of  working— diagrams  of  lift  of  valves— application  of  pumps — 
fen-draining  engines— comparative  advantages  of  scoop  wheels  and  centri- 
fugal pnmpe,  lifting  trough,  &c. 

Blast  Engines,  best  kind  of  engine— size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power^^ietails  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minnte— pressure  of  blast,  and  means  of  regulation — construction  of  valves 
—improvements  in  blast  cylinders — ^rotary  blowing  machines— indicator 
diagrams  from  air  main  and  steam  cylinder. 
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Uarivk  Engines,  power  of  engines  in  proportion  to  tonnage — dUfennt  ooo- 
stmctions  of  engines,  donble-cylinder  engines,  trunk  engines— nu  of  steun 
jackets— dynamical  effect  compared  with  indicator  diagrams— oomparatiTe 
economy  and  durability  of  different  boilers,  tubular  boilers,  flat-floe  boHen, 
&c. — ^brine  pumps,  and  means  of  preventing  deposit — salinometers— weight 
of  machinery  and  boilers — kind  of  paddle  wheels — speed  obtained  in  British 
war  steamers,  in  British  merchant  steamers,  and  in  Foreign  ditto,  with 
particulars  of  the  construction  of  engines  with  paddle  wheels,  &c.— ccrev 
propellers,  particulars  of  different  kinds,  improTsments  in  form  and  positioD, 
number  of  arms,  material,  means  for  unshipping,  bearings,  horse  power 
applied,  speed  obtained,  section  of  vessel — governors  and  storm-govemors. 

RoTART  Emoikes,  particulars  of  construction  and  practical  application— detaOs 
of  results  of  working. 

LoooMOTiTE  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working— consumption  of  fuel — ^use  of  coal — consumption  of 
smoke — ^heating  surface,  length  and  diameter  of  tubes— material  of  tubes- 
experiments  on  size  of  tubes  and  blast  pipe— oonstruction  of  pistons,  vslre 
gear,  expansion  gear,  &c.— indicator  diagrams— expenses  of  working  and 
repairs — means  of  supplying  water  to  tenders. 

Agricultural  Engines,  details  of  construotion  and  results  of  working— datj 
obtained — application  of  machinery  and  steam  power  to  agricaUural 
purposes — ^barn  machinery— field  implements — traction  engines,  particalsn 
of  performance  and  cost  of  work  done. 

Caloric  Engines— engines  worked  by  Gas,  or  explosive  compounds— Electro- 
magnetic engines — ^particulars  and  results. 

Hydraulic  Engines,  particulars  of  application  and  working — pressure  of 
water — construction  and  arrangement  of  valves,  relief  valves — construction 
of  joints— hydraulic  rams. 

Water  Wheels,  particulars  of  construction  and  dimensions — ^form  and  depth  of 
buckets — head  of  water,  velocity,  percentage  of  power  obtained — turbines, 
construction  and  practical  application,  power  obtained,  comparative  effect 

and  economy. 
Wind  Mills,  particulars  of  construction — ^nnmber  of  sails,  surface  and  form  of 
gailfl — velocity,  and  power  obtained — average  number  of  days*  work  per 

annum. 

Corn  Mills,  particulars  of  improvements — power  employed —application  of 
steam  power — results  of  working  with  an  air  blast  and  ring  stones— 
crushing  by  rolls  before  grinding — advantages  of  regularity  of  motion. 

Sugar  Mills,  particulars  of  construction  and  working— results  of  the  application 
of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 
for  extracting  the  last  portion  of  saccharine  matter— construction  snd 
working  of  evaporating  pans. 
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On.  Vjlls,  &ctB  relating  to  constraotion  and  working,  by  stampers,  by  screw 
presses,  and  by  bydraulio  presses — particulars  of  crushing  rollers  and  edge 
stones. 

Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 
machinery — ^power  employed,  and  application  of  power— cotton  presses, 
mode  of  construction  and  working,  power  employed — improYoments  in 
spinning,  carding,  and  winding  machinery,  &o. 

Calico-Printing  akd  Bleaching  Machinery,  particulars  of  improrements. 

Wool  Maghinert,  carding,  combing,  roving,  spinning,  &c. 

Flax  Hachinert,  manufacture  of  flax  and  other  fibrous  materials,  both  in  the 

■ 

natural  length  of  staple  and  when  cut. 
Saw  Mills,  particulars  of  construction — ^mode  of  driring—power  employed— 

particulars  of  work  done  —best  speeds  for  vertical  and  circular  saws — form 

of  saw  teeth— saw  mills  for  cutting  ship  timbers-- veneer  saws^^ndless 

band  saws. 
WooD-woRKiKO  Machines,  morticing,  planing,   rounding,  and  surfacing— 

copying  machinery. 
Iathes,  Planing,  Boring,  Drilling,  and  Slotting  Machines,  &c.,  particulars 

of  improvements— description  of  new  self-acting  tools— engineers'  tools — 

files  and  file-outtlng  machinery. 
SoLLiNO  Mills,  improvements  in  machinery  for  making  iron  and  steel — ^mode 

of  applying  power — ^use  of  steam  hammers — ^piling  of  iron — ^plates — fancy 

sections — arrangement  and  speed  of  rolls — length  of  bar  rolled — manufac- 
ture of  rolled  girders. 
Steak  Hamhers,  improvements  in   construction  and  application — ^friction 

hammers — air  hammers. 
HiTErnNG,  Punching,  and  Shearing   Machines,  worked  by   steam   or 

hydraulic  pressure^direct-acting  and  lever  machines— comparative  strength 

of  drilled  and  punched  plates — rivet-making  machines. 
Staxpqio  and  Coining  Machinery,  particulars  of  improvements,  &c. 
Paper-Maung  and  Paper-Cutting  Machines,  new  mdCterials  and  results. 
PsiJrriKO  Machines,  particulars  of  improvements,  &c. 
Water  Pctmps,  facta  relating  to  the  best  construction,  means  of  working,  and 

spplication — velocity  of  piston — construction,  lift,  and  area  of  valves. 
AiB  Pumps,  facts  relating  to  the  best  oonstruction,  means  of  working,  and 

application— velocity  of  piston— construction,  lift,  and  area  of  valves. 
Hydraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

■nd  application— economical  limit  of  pressure. 
KoTART  AND  Centrifugal  Pumps,  ditto  ditto  ditto 

^s  Engines,  hand  and  steam,  ditto  ditto  ditto 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto 
Cranks,  steam  oraoes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cnines. 
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XiFTS  for  raising  railway  wagons— hoists  for  warehouses-r-aafety  apparaios. 

Toothed  Wheels,  best  construction  and  form  of  teeth— results  of  working- 
power  transmitted — method  of  moulding— strength  of  Iron  and  wood  teeth. 

D&IYU«G  Belts  jlhtd  Straps,  best  n^iake  and  material,  leather,  gatta  peitba, 
Tulcanised  india-rubber,  rope,  wire,  chain,  &c.— comparative  durabiUtj, 
and  results  of  working—power  conununicated  by  certain  sizes— frictioiMl 
gearing,  construction  and  driving  power  obtained — Motion  clutches- 
shafting  and  couplings. 

Dynamometers,  construction,  application,  and  results  of  working. 

Decimal  Measurement— application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machineiy, 
manufactures,  &c.— construction  of  measuring  instruments,  gauges,  &0. 

Strength  of  Materlals,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &o. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constructions,  and  experiments  on  them — rolled  girders— best 
forms  and  proportions  of  girders  for  different  purposes — ^best  mixture  of 
metal— mixtures  of  wrought  iron  with  cast 

Durability  of  Timber  of  various  kinds — best  plans  for  seasoning  and  pre- 
serving timber  and  cordage — ^results  of  various  processes— comparative 
durability  of  timber  in  different  situations— experiments  on  actual  strength 
of  timber. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c— 
facts  relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping 
ships'  bottoms  clean — galvanic  action,  nature,  and  preventives. 

Alloys  of  Metals,  facts  relating  to  different  alloys. 

Friction  of  Various  Bodies,  facts  relating  to  friction  nnder  ordinary  circnm- 
stances — ^facts  on  increase  of  friction  by  reduction  of  surface  in  contact- 
friction  of  iron,  brass,  copper,  tin,  wood,  &o. — proportion  of  weight  to 
rubbing  surface— best  forms  of  journals,  and  construction  of  axleboxe^— 
wood  bearings — water  axleboxes — lubrication,  best  materials,  means  of 
.application,  and  i^ults  of  practical  trials — ^best  plans  for  oil  testa— friction 
breaks. 

Iron  Roofs,  particulars  of  construction  for  different  purposes— durability  in 
various  climates  and  situations— comparative  cost,  weight,  and  durability- 
roofs  for  slips  of  cast  iroYi,  wrought  iron,  timber,  Sec, — ^best  oonstraction, 
form,  and  materials— details  of  large  roofs,  and  cost. 

Fire-froof  Buildings,  particulars  of  construction — ^most  efficient  plan— ^resulti 
of  trials. 

Chimney  Stacks  of  large  size — ^particulars,  form,  mode  of  building,  cheapest 
construction,  &c. — ^force  of  draught,  and  temperature  of  current. 

BiiiCKS,  manufacture,  durability,  and  strength— hollow  bricks,  fire  bricks,  and 
fire  cloy-^periorated  bricks,  cost  of  manufacture,  and  advantages— dry  clay 
bricks— machines  for  brick  making — burning  of  bricks. 
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OlS  Works,  best  form,  size,  and  material  for  retorts^onstrnction  of  retort 
OYens-^quantity  and  quality  of  gas  from  different  coals— oil  gas,  cheapest 
mode  of  making — water  gas,  &o.~imprpvements  in  purifiers,  condensers, 
and  gasholders — ^wet  and  dry  gas  meters — self-regulating  meters— pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  joints — ^proportionate  diameter  and  length  of  gas  mains,  and  velocity 
of  the  passage  of  gas— experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure. 

Water  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working— proportionate  diameter  and  length  of  pipes— experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes— 
strength  and  durability  of  pipes,  and  construction  of  joints — penetration  of 
frost  in  different  climates— relative  advantages  of  stand  pipes  and  air 
vessels-^water  meters,  construction  and  working. 

Well  Sinking,  and  Artesian  Wells,  facts  relating  to— boring  tools, 
construction  and  mode  of  using. 

TosTKELLlNO  MACHINES,  particulars  of  construction  and  results  of  working. 

Coffer  Dams  and  Pilinq,  facts  relating  to  the  construction— oast  iron  sheet 
piling. 

PiEBS,  fixed  and  floating,  and  pontoons,  ditta  ditto 

PnjB  Drivino  AfPAHATUS,  particulars  of  improvements — use  of  steam  power 
^-particularB  of  working — weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — ^vacuum  piles — compressed  air  system — screw  piles. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines — ^power  required  and  work  done. 

DmHO  Bells  and  Diving  Dresses,  facts  relating  to  the  best  construction. 

TioaTHOUSES,  cast  iron  and  wrought  iron,         ditto  ditto 

Smps,  iron  and  wood— details  of  construction — alines,  tonnage,  cost  per  ton — 
water  ballast. 

Mnroro  Operations,  facts  relating  to  mining — ^modes  of  working  and  propor- 
tionate yield — ^means  of  ventilating  mines— use  of  ventilating  machinery — 
safety  lamps — ^lighting  mines  by  gas— drainage  of  mines — sinking  pits — 
mode  of  raising  materials — safety  guides— winding  machinery — under- 
ground conveyance— mode  of  breaking,  pulverising,  and  sifting  various 
descriptions  of  ores. 

Blabtiko,  facts  relating  to  blasting  under  water,  and  blasting  generally — use 
of  gun-cotton,  &c.— effects  produced  by  large  and  small  charges  of  powder-* 
arrangement  o{  charges. 

Blast  Furnaces,  consumption  of  fuel  in  different  kinds — burden,  make,  and 
qoality  of  metal — ^pressure  of  blast— horse  power  required— economy  of 
working— improvements  in  manufacture  of  iron— comparative  results  of  hot 
•od  cold  blast — increased  temperature  of  blast— construction  and  working 
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of  hot  blast  oveiis— pyrometers — means  and  results  of  applieatioii  of  mxU 
gas  from  dose-topped  and^pen-topped  furnaces. 

Puddling  Furnaces,  beat  forms  and  construction — worked  with  coal,  char- 
coal, &o. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction— consumption  of  fiiel,  and  heat  obtained. 

OONTERTINO  FURNACES,  construction  of  furnaces—manufacture  of  steel— 
casehardening,  ^c.-— conyerting  materials  employed. 

Sbhthh'  Forges,  best  construction— size  and  material — ^power  of  blast— hot 
blast,  &c.— construction  of  tuyeres. 

Smiths'  Fans  and  Fans  generally,  best  construction,  form  of  blades,  &c— faeti 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged — siae  and  construction  of  air  mains. 

GOKE  AND  Charck)AL,  particulars  of  the  best  mode  of  making,  and  oonstmction 
of  ovens,  &c. — open  coking — ^mixtures  of  coal  slack  and  other  materials— 
eyaporatire  power  of  different  yarieties. 

Bailwats,  construction  of  permanent  way— section  of  rails,  and  mode  of 
manufacture — mode  of  testing  rails— experiments  on  rails,  deflection, 
deterioration,  and  oomparatiye  durability — material  and  form  of  steepen, 
size,  and  distances — improyements  in  chairs,  keys,  and  joint  fasteniDg»— 
permanent  way  for  hot  climates. 

Switches  and  Crossings,  particulars  of  improyements,  and  results  of  working. 

Turntables,  particulars  of  various  constructions  and  improyements— engine 
turntables. 

Signals  for  stations  and  trains,  and  self-acting  signals. 

Electric  Telegraphs,  improyements  in  construction  and  insulation— coating 
of  wires— underground  and  submarine  cables — mode  of  laying. 

Railway  Carriages  and  Wagons,  details  of  oonsiruction— proportion  of  dead 
weight. 

Breaks  for  carriages  and  wagons,  best  construction — self-acting  breaks— con- 
tinuous breaks. 

Buffers  for  carriages,  &c.,  and  station  buffers— different  constructions  and 
materials. 

CouPUNGS  for  carriages  and  wagons — safety  couplings. 

Springs  for  carriages,  ko. — buffing,  bearing,  and  draw  springs — range,  and 
deflection  per  ton — particulars  of  different  constructions  and  materiali,  and 
results  of  working. 

Railway  Wheels,  wrought  iron,  oast  iron,  and  wood — particulars  of  different 
constructions,  and  results  of  working— comparative  ezmnse  and  duiabUitj 
— wrought  iron  and  steel  tyres,  comparative  economy  and  results  of  working 
— mode  of  fixing  tyres — manufacture  of  solid  wrought  iron  wheels. 

Railway  Axles,  beet  description,  form,  material,  and  mode  of  maaufaoture. 
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The  oommimicatlonB  should  be  written  on  foolscap  paper,  on  one  side  only 
of  each  page,  leaving  a  clear  margin  on  the  left  side  for  binding,  and  they 
should  be  written  in  the  third  person.  The  drawmgs  illustrating  the  paper 
Bhould  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be  clearly  visible  to  the 
meeting  at  the  time  of  reading  the  paper;  or  enlarged  diagrams  should  be 
added  for  the  illustration  of  any  particular  portions :  the  scale  of  each  drawing 
to  be  marked  upon  it. 
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MEMOIRS 

OF   MEMBERS   DECEASED    IK    1861 


William  Davie  Burlinson  was  bom  at  Dnrharn  in  1802 ;  and 
after  serring  his  time  with  Messrs.  John  Burlinson  and  Co., 
engineers  and  millwrights,  Sunderland,  became  a  member  of  the  firm 
in  1830,  in  which  he  took  an  actiye  part.  He  erected  machinery 
for  the  shipment  of  coals  at  several  sea  ports,  his  father  haying 
been  the  inventor  of  this  description  of  machinery ;  and  he  gave 
great  attention  to  the  manufacture  of  machinery  for  making  hemp 
and  wire  ropes,  including  the  machines  for  making  the  Atlantic 
submarine  telegraph  cable.  His  health  had  been  declining  for 
upwards  of  three  years  previous  to  his  death,  which  took  place  on 
4  September  1861,  at  the  age  of  fifty-nine.  He  was  elected  a 
Member  of  the  Institution  in  1858. 

John  Horridge  Deane  was  bom  at  Liverpool  in  1828,  and  after 
serving  his  time  with  Messrs.  Bury  Curtis  and  Kennedy  of  that  town 
was  appointed  in  1854  locomotive  superintendent  of  the  Barcelona 
and  Granollers  Railway  in  Spain,  and  afterwards  general  manager 
of  the  line,  until  1859,  when  he  received  an  engineering  appointment 
in  Russia;  but  he  was  obliged  to  return  home  early  in  1860  in 
consequence  of  declining  health,  and  died  on  10  August  1861  at 
the  early  age  of  thirty- three,  after  an  illness  of  18  months.  He  was 
elected  a  Member  of  the  Institution  in  1857. 

Eaton  Hodgkinson  was  bom  in  Febraary  1789  at  Anderton  near 
Northwich,  Cheshire,  where  he  received  his  first  education  at  tlie 
grammar  school.  He  was  originally  intended  for  the  church  ;  but  his 
father  having  died  when  he  was  only  six  years  old,  he  commenced  his 
career  as  a  farmer,  to  aid  his  widowed  mother  in  carrying  on  his 
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father's  bnsiness.  Neither  farming  nor  the  church  were  however  suited 
to  his  talents,  and  at  the  age  of  twenty-one  he  removed  with  his 
mother  to  Salford,  Manchester,  where  they  maintained  themselves  by 
keeping  a  shop,  whilst  he  had  the  advantages  of  scientific  instruction 
and  society,  and  devoted  his  spare  hours  to  the  study  of  mathematics 
and  mechanical  science,  as  one  of  Dr.  Dalton's  private  pupils w  At 
the  age  of  thirty- three,  he  produced  his  first  scientific  work,  an  essay 
on  the  Transverse  Strain  and  Strength  of  Materials,  which  was 
followed  by  a  series  of  papers  on  the  subject  of  Suspension  Bridges 
read  by  him  to  the  Manchester  Philosophical  Society  in  1828  to  1830, 
his  attention  having  been  called  to  this  subject  by  the  erection  and 
failure  of  a  suspension  bridge  at  Broughton  near  Manchester.  In 
1833  he  commenced  that  remarkable  series  of  papers  and  researches 
on  the  strength  and  strains  of  materials,  more  especially  of  Iron,  by 
vhich  he  became  so  eminently  distinguished  and  made  so  important 
an  addition  to  the  scientific  knowledge  at  the  disposal  of  engineers. 
In  these  researches  he  seems  only  to  have  resumed  the  subject  of  his 
earliest  paper  in  1822,  which  he  may  be  considered  to  have  completed 
vhen  in  1857  he  received  the  medal  of  the  Royal  Society  and  in  1861 
became  Vice-President  of  the  British  Association. 

The  great  subject  that  Eaton  Hodgkinson  devoted  himself  to— 
the  investigation  of  the  nature  and  properties  of  iron — he  followed 
np  with  an  assiduity  of  research,  a  philosophical  method,  and  a  clear 
uid  strong  sagacity,  that  enabled  him  to  accomplish  results  which 
liave  been  of  the  greatest  practical  importance  in  the  various  and 
extensive  applications  of  iron,  and  have  effected  a  complete  revolution 
in  practice  with  that  metal,  laying  all  branches  of  engineering  under 
ft  great  debt  of  gratitude  to  him.  Before  his  investigations  the 
mechanical  nature  and  the  relative  value  of  cast  iron  and  wrought 
iron  were  little  understood ;  and  neither  the  practical  value  of  their 
resistance  to  strains,  nor  the  true  form  and  distribution  of  material 
for  obtaining  the  best  application  of  their  strength  to  mechanical  use, 
were  known :  wrought  iron  was  not  trusted  or  used  so  much  as  it 
deserved,  whilst  cast  iron  was  unduly  relied  on  and  inefficiently 
applied.  The  section  of  cast  iron  girders  previously  in  universal  use 
was  an  Z  shape,  with  nearly  equal  flanges  at  top  and  bottom  ;    but 
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showed  Uuit  the  lesistance  of  cast  iron  to  fracture  bj 
compression  being  about  fire  times  its  resistance  to  tension,  the  upper 
flange  acting  bj  compression  shoold  hare  onlj  one  fifth  of  the  tret 
of  the  bottom  flange  in  tension,  in  order  to  be  eqnal  in  strength  tnd 
give  the  maximum  strength  of  girder  with  the  minimum  weight  of 
material,  the  section  of  the  girder  being  therefore  somewhat  of  a  1 
shape :  a  great  saving  in  the  weight  of  material  required  was  thereby 
effected.  He  showed  also  the  true  action  of  the  rertidtl  web  of  the 
girder  in  preserving  the  top  and  bottom  flanges  in  their  relative 
positions,  and  ascertained  the  extent  to  which  its  thickness  should  be 
diminished,  wherebj  the  weight  of  material  was  still  further  reduced. 

In  the  form  and  calculation  of  cast  iron  columns  Etton 
Hodgkinson  also  established  some  remarkable  facts  bj  a  series  of 
experiments  on  the  force  necessarj  to  crush  the  column,  which  be 
found  to  be  regular:  he  proved  that  the  bearing  strength  wis 
increased  bj  enlarging  the  column  in  the  middle,  and  also  bj  making 
the  ends  flat  instead  of  rounded  ;  while  it  was  diminished  by  adding 
to  the  height  of  the  column  beyond  a  certain  point.  His  fonnulae  for 
the  calculation  of  solid  and  hollow  columns,  deduced  from  these 
experiments,  have  become  the  standards  in  general  use.  In  bis 
investigation  of  the  best  form  and  proportions  for  wrought  iron 
columns  and  beams,  he  showed  how  the  inferior  resistance  to 
compression  of  wrought  iron  as  compared  with  cast  iron  could  be 
compensated  for  by  correct  distribution  of  the  material,  removing  the 
previous  practical  objections  to  wrought  iron  for  large  structures,  tod 
leading  to  the  gradual  displacement  of  cast  iron  by  the  more  safe 
and  reliable  material,  wrought  iron,  thereby  affording  facilities  for 
overcoming  engineering  difficulties  previously  almost  insurmountable. 
He  was  also  engaged  in  important  investigations  into  the  application 
of  iron  to  railway  structures,  and  the  relative  values  of  hot  and 
cold-blast  iron,  in  connexion  with  a  Royal  Commission  and  a  committee 
of  the  British  Association. 

Eaton  Hodgkinson  was  eminently  a  self-made  and  self-ednctted 
man.  Deprived  in  early  life  of  the  benefits  of  a  complete  education, 
he  devoted  himself  earnestly  to  business  for  the  support  of  his  family, 
and  afterwards  for  the  purchase  of  an  honourable  leisure,  which  be 
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employed  first  in  the  completion  of  his  own  education,  next  in 
association  with  eminent  men  of  science  in  Manchester,  and  finally 
in  the  advancement  of  mechanical  science  and  public  researches  into 
various  important  branches  of  the  subject.  From  his  humble  origin 
he  raised  himself  by  his  exertions  and  talents  to  be  successively 
Member  of  the  Philosophical  Society  of  Manchester,  Fellow  of  the 
Royal  Society,  Vice-President  of  the  British  Association,  and 
Professor  in  University  College,  London :  a  bright  example  that  the 
hnmblest  occupation  need  not  derogate  from  the  dignity  of  personal 
character,  nor  interfere  with  the  accomplishment  of  a  brilliant  career 
of  public  usefulness  and  high  distinction.  The  secret  of  his  success 
was  undoubtedly  his  earnestness  and  singleness  of  purpose  ;  whatever 
investigation  he  undertook  he  determined  to  get  thoroughly  to  the 
bottom  of  the  subject ;  and  held  that  to  understand  part  of  a  subject 
completely,  it  was  requisite  to  master  the  whole.  He  was  elected  an 
Honoraiy  Life  Member  of  this  Institution  in  1849,  and  died  on 
18  June  1861  at  the  age  of  seventy- two. 

John  Lees  was  born  at  Park  Bridge  in  1827,  and  as  the  active 
member  for  ten  years  in  the  firm  of  Messrs.  H.  Lees  and  Sons, 
of  Park  Bridge  Iron  Works,  Ashton-under-Lyne,  was  engaged 
principally  in  roller  making  for  the  use  of  the  cotton  spinning 
districts,  in  which  he  introduced  several  improvements  in  machines 
for  the  mannfacture  of  rollers,  &c.  He  became  a  Member  of  the 
Institution  in  1857,  and  died  on  8  October  1861,  after  a  short 
illness,  at  the  age  of  thirty- four. 

JoHK  Ross  was  bom  at  Perth  in  1812,  his  father  being  a  stone 
inason ;  he  was  apprenticed  to  a  coach  maker  at  Perth,  and  sub- 
Beqaenily  worked  at  Edinburgh.  In  1845  he  became  foreman  to 
Mr.  Thomas  Brown,  carriage  builder,  at  Birmingham,  in  whose 
works  he  had  been  for  about  two  years  previously  ;  and  in  1846  he 
became  manager  at  Messrs.  Brown  Marshalls  and  Co.'s  Bailway 
Carriage  Works  at  Birmingham.  He  was  a  Member  of  the 
Institution  from  1853  to  the  time  of  his  death,  which  occurred  on 
22  January  1861,  in  the  forty-ninth  year  of  his  age. 
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Thomas  John  Taylor,  of  Earsdon  near  Newcastle-on-Tyne,  was 
bom  in  1810  at  Shilbottle  near  Alnwick,  and  after  receiving  a  liberal 
education,   which  he  finished   at  the  nniversitj  of  Edinburgh,  was 
brought  up  under  his  uncle,  Mr.   Hugh  Taylor,  as  a  coUierj  viewer, 
having  the  care  first  of  some  smaller  collieries,  and  afterwards  of 
Haswell  Colliery  in  the  county  of  Durham,  a  colliery  of  great  extent 
and  importance.      He  subsequently  succeeded  his  uncle  as  mining 
engineer  to   the  Duke  of  Northumberland,  and  acted  in  the  same 
capacity  also  for  the  collieries  of  Lord  Hastings  and  Gol.  Townelej. 
He  attained  a  position  of  great  eminence  as  a  mining  engineer,  and 
wrote  frequently  upon  subjects  connected  with  mining  and  the  coal 
trade.     In  1848  he  published  an  historical  account  of  ooal  mining 
as  practised  in  the  North  of  England,  and  in  1859  read  a  paper  at 
this  Institution  on  the  progressive  application  of  machinery  to  mining 
purposes,  having  been  elected  a  Member  of  the  Institution  in  1858 : 
his  principal  work  was  a  treatise  on  the  improvement  of  the  river 
Tyne,  as  a  great  shipping  port  for  coal,  giving  his  views  also  on  the 
improvement  and  management  of  rivers  and  tidal  harbours  generally. 
The  last  mining  project  on  which  he  was  occupied  at  the  time  of  his 
death  was  the  organisation  of  a  comprehensive  system  for  the  combined 
drainage  of  the  whole  coal  basin  of  the  Tyne,  east  of  Newcastle. 
His  death  occurred  on  2  April  1861,  in  the  fifty-first  year  of  his  age, 
after  a  very  short  illness  originating  in  a  violent  cold. 
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The  Gbairuak  remarked  that  the  saccessfal  position  of  the 
Institntion  shown  bj  the  Report  of  the  Conncil  was  highly  gratifying 
and  encouraging,  and  he  moved  that  the  Eeport  be  received  and  adopted, 
which  was  passed.  He  announced  that  the  Annual  Special  Meeting 
of  the  Institution  would  be  held  in  London  in  the  Qusuing  summer, 
when  thej  would  no  doubt  have  the  presence  of  many  engineers 
from  the  continent  who  would  be  in  London  on  the  occasion  of  the 
International  Exhibition;  and  he  hoped  all  the  Members  would  do 
iheir  best  to  render  the  meeting  thoroughly  successful. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  Officers 
and  Members  of  Council  were  duly  elected  for  the  ensuing  year : — 

PBESIDBNT. 

Bib  William  Q.  Armstrong,  Newcastle- on- T^e. 

TIOB-PRESIDENTS. 


Alxxakdbr  B.  Coohranb, 
Jambs  Fbntok,    . 
Hbnrt  Maudslay,  . 

JOHK   PbNN, 

John  Bamsbottom, 
Joseph  Whitwobth,    . 


Dudley. 

Low  Moor. 

London. 

London. 

Crewe. 

Manchester. 


Perth. 

Birkenhead. 

London. 

Wednesbury. 

Manchester. 


COUNCIL. 

Alexandeb  Allah, 

GxoRGB  Harrison, 

Thomas  Hawkslet, 

Edward  Jones,  .... 

CuABLBB  P.  Stewart, 

Members  of  Council  remaining  in  office* 
John  Anderson,  .     Woolwich. 

Charlbs  F.  Betbr,  Manchester. 

Edward  A.  Cowpbr,  .  London. 

John  Fbrnie,  Derby. 

BoBBRT  ELlwtuorn,  Newcastle- on-Tyi^c. 

James  Kitson,  Leeds. 

Sampson  Lloyd,  ....     Wednesbury. 
Walter  May,  Birmingham. 
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ANNUAL    ELECTION. 


G.  William  Siemens,  . 
William  Weallsns, 

TfiBABUREB. 

Hbnbt  Edmunds, 

secretary. 
William  P.  Marshall,  . 
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ON  A  REGENERATIVE   GAS   FURNACE, 
AS  APPLIED  ^O  GLASSHOUSES,  PUDDLING,  HEATING, 

ETC. 


By  Me.  C.  WILLIAM  SIEMENS,  or  London. 


The  arrangement  of  fdmaces  about  to  be  described  is  applicable 
with  the  greatest  advantage  in  cases  where  great  heat  has  to  be 
maintained  :  as  in  melting  and  refining  glass,  steel,  and  metallic  ores, 
in  puddling  and  welding  iron,  and  in  heating  gas  and  zinc  retorts,  &c. 
The  fuel  employed,  which  may  be  of  very  inferior  description,  is 
separately  converted  into  a  crude  gas,  which  in  being  conducted  to  the 
furnace  has  its  naturally  low  heating  power  greatly  increased  by  being 
heated  to  nearly  the  high  temperature  of  the  furnace  itself,  ranging  to 
above  3000^  Fahr. ;  undergoing  at  the  same  time  certain  chemical 
changes  whereby  the  heat  developed  in  its  subsequent  combustion  is 
increased.  The  heating  effect  produced'^is  still  further  augmented  by 
the  air  necessary  for  combustion  being  also  heated  separately  to  the 
same  high  degree  of  temperature,  before  mixing  with  the  heated  gas 
in  the  combustion  chamber  or  furnace ;  and  the  latter  is  thus  filled 
with  a  pure  and  gentle  flame  of  equal  intensity  throughout  the  whole 
chamber.  The  heat  imparted  to  the  gas  and  air  before  mixing  is 
obtained  from  the  products  of  combustion,  which  after  leaving  the 
furnace  are  reduced  to  a  temperature  frequently  not  exceeding  250^ 
Fahr.  on  reaching  the  chimney,  whereby  great  economy  in  fuel  is 
produced,  with  other  advantages. 

The  transfer  of  heat  from  the  products  of  combustion  to  the  air 
and  gas  entering  the  furnace  is  effected  by  means  of  Regenerators,  the 
principle  of  which  has  been  recognised  to  some  extent  since  the  early 
part  of  the  present  century,  but  has  not  hitherto  been  carried  out  in 
any  useful  application  in  the  arts,  unless  the  respirator  invented  by 
Dr.  Jeffreys   be   so  considered.     The  discovery  of  this  principle  is 
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ascribed  to  Ber.  Mr.  Stirling  of  Dundee,  who  in  conjanction  with 
brother,  James  Stirling,  attempted  as  early  as  the  year  1817  to  apply 
it  to  the  constmction  of  a  hot  air  engine :  their  engine  did  not  however 
suooeed,  nor  did  Capt.  Ericsson's  later  attempts  in  the  same  direction 
lead  to  more  satisfactory  results.  The  economical  principle  of  the 
regenerator  having  attracted  the  writer's  attention  in  1846,  he 
constructed  in  the  following  year  an  engine  in  which  superheated 
steam  was  used  in  conjunction  with  the  regenerator :  many  practical 
difficulties  however  prevented  a  realisation  of  the  success  which  theory 
and  experiments  appeared  to  promise ;  but  it  is  gratifying  to  find  that 
one  principle  then  adopted,  that  of  superheating  the  steam,  has  since 
received  the  sanction  of  an  extended  application. 

The  employment  of  regenerators  for  getting  up  a  high  degree  of 
heat  in  famaces  was  suggested  in  1857  by  the  writer's  brother,  Mr. 
Frederick  Siemens,  and  has  since  been  worked  out  by  them  conjointly 
through  the  several  stages  of  progressive  improvement.  The  results 
obtained  by  the  earlier  applications  of  the  principle  were  communicated 
by  the  writer  in  a  paper  read  at  a  former  meeting  of  this  Institotioo 
(see  Proceedings  Inst.  M.E.,  1857,  page  108) :  and  two  or  three  of 
the  furnaces  then  described,  employed  for  heating  bars  of  steel,  rsmain 
still  in  operation.  In  attempting  however  to  apply  the  principle  to 
puddling  and  other  larger  famaces,  serious  practical  difficulties  arose, 
which  for  a  considerable  time  frustrated  all  efforts ;  until  by  adopting 
the  plan  of  volatilising  Hie  solid  fuel  in  the  first  instance,  and 
employing  it  entirely  in  a  gaseous  form  for  heating  purposes, 
practical  results  were  at  length  attained  surpassing  even  the  sanguine 
expectations  previously  formed. 

In  the  early  form  of  the  regenerative  heating  furnace,  whidi  has 
been  in  continuous  work  during  the  last  three  years  for  heating  bars 
of  steel  at  Messrs.  Marriott  and  Atkinson's  Steel  Works,  Sheffield, 
and  also  at  the  Broughton  Copper  Works,  Manchester,  there  is  a 
single  fireplace  contaxning  a  ridge  of  fdel  fed  from  the  top ;  and  two 
heating  chambers,  in  which  the  bars  of  metal  to  be  heated  are  kid, 
with  a  regenerator  at  the  end  of  each  chamber,  by  which  the  waste 
heat  passing  off  f^om  the  furnace  is  intercepted  on  its  way  to  the 
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chinmey,  and  transferred  to  the  air  entering  the  furnace.  Each 
regenerator  is  composed  of  a  mass  of  open  firebricks,  exposing  a  large 
surface  for  the  absorption  of  heat,  through  which  the  products  of 
combustion  are  made  to  pass  from  the  famace,  and  are  thus  gradually 
deprired  of  nearly  all  their  heat  previous  to  escaping  into  the  chinmey : 
the  end  of  the  regenerator  nearest  the  furnace  becomes  gradually 
heated  to  nearly  the  temperature  of  the  furnace  itself,  while  the  other 
end  next  the  chimney  remains  comparatively  cool.  The  direction  of 
the  draught  being  now  reversed  by  means  of  a  valve,  the  air  entering 
the  furnace  is  made  to  pass  through  the  heated  regenerator  in  the 
contrary  direction,  encounteiing  first  the  cooler  portions  of  the 
brickwork,  and  acquiring  successive  additions  of  heat  in  passing 
through  the  regenerator,  until  it  issues  into  the  first  chamber  of  the 
furnace  at  a  very  high  temperature,  and  traversing  the  ridge  of  fiiel 
produces  a  fiame  which  fills  the  second  heating  chamber ;  whence  the 
products  of  combustion  passing  through  the  second  cold  regenerator 
deposit  their  heat  successively  in  the  inverse  manner,  reaching  the 
chimney  comparatively  cool.  By  thus  alternating  the  current  through 
the  two  regenerators,  a  high  degree  of  temperature  is  maintained 
constantly  in  the  furnace.  This  arrangement  of  furnace  is  evidently 
applicable  only  in  exceptional  cases  where  two  chambers  are  to  be 
heated  alternately,  nor  does  it  admit  of  being  carried  out  upon  a  large 
scale. 

In  heating  a  single  chamber  the  expedient  was  resorted  to  of 
providing  two  fireplaces  to  be  traversed  in  succession  by  the  heated 
air,  with  the  heating  chamber  placed  between,  as  in  the  furnace  shown 
in  the  drawings  accompanying  the  previous  paper  (Proceedings  Inet. 
M.  £.,  1857,  Plate  118).  Here  the  difficulty  arose  tliat  the  air,  the 
oxygen  of  which  was  already  combined  with  carbon  (forming  carbonic 
add)  in  traversing  the  first  fireplace,  took  up  a  second  equivalent  of 
carbon  (forming  carbonic  oxide)  in  traversing  the  second,  so  tiiat  the 
fuel  of  the  second  fire  was  consumed  to  no  purpose.  In  order  to 
din&inish  this  loss  and  also  avoid  impairing  the  draught  by  a  double 
resistance,  the  ridges  of  fuel  were  discontinued  and  the  coal  wus  fed 
into  the  furnace  from  the  sides,  resting  on  a  solid  hearth,  to  be  there 
volatilised  by  the  heated  air  passing  over  it.    By  frequently  stirring  the 
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first  fire  its  oombnstioii  was  favoured  until  the  current  was  reversed, 
when  it  was  left  nndistorbed  nntil  the  next  change,  and  so  on 
alternately.  It  was  found  rery  difficalt  however  to  maintain  an  adaye 
and  uniform  combustion  and  to  bum  the  purely  caihonaoeous  substance 
that  was  left  in  the  fireplace  after  the  gaseous  portion  of  the  fuel  bad 
been  volatilised;  and  it  had  frequently  to  be  raked  out  in  order 
to  make  room  for  fresh  gaseous  fuel.  This  circumstance  led  to  the 
first  step  towards  the  employment  of  fuel  in  the  form  of  gas,  bj 
providing  a  small  grate  below  the  heap  of  fuel,  through  which  a 
gentle  current  of  air  was  allowed  to  enter,  forming  carbonic  oxide, 
which  afterwards  further  combined  with  oxygen  on  meeting  vith 
the  hot  current  of  air  entering  the  furnace  from  the  regenerator.  The 
two  fireplaces  of  alternating  activity  were  however  attended  ^th 
considerable  practical  inconvenience:  the  fhmacemen  in  particular 
disliked  the  idea  of  attending  two  fireplaces  instead  of  one,  and  being 
little  interested  in  the  saving  of  fuel,  took  no  pains  to  work  the  furnace 
in  a  satisfactory  manner. 

It.  therefore  became  necessary  to  devise  a  plan  of  heating  a  single 
chamber  continuously  by  one  fireplace,  in  combination  with  the 
alternate  reversal  of  currents  through  the  regenerators,  but  withoot 
reversing  the  direction  of  the  flame.  This  was  accomplished  bj 
means  of  double  reversing  valves,  and  was  practically  carried  oat  in 
a  puddling  furnace  that  worked  for  a  considerable  length  of  time  at 
the  ironworks  of  Messrs.  R.  and  W.  Johnson  near  Manchester.  The 
two  regenerators  were  placed  longitudinally  side  by  side,  with  a  floe 
between,  underneath  the  puddling  chamber,  and  the  fireplace  was  put  at 
one  end  of  the  puddling  chamber,  as  in  an'  ordinary  puddling  furnace, 
and  fed  with  fuel  from  above.  The  heated  air  from  the  first  regenerator 
was  brought  up  at  the  back  of  the  fireplace,  and  meeting  there  irith 
the  fuel  produced  the  required  flame  in  the  puddling  chamber;  whence 
the  products  of  combustion  passed  down  at  the  end  of  the  chamber, 
and  were  carried  back  along  the  flue  below  to  the  hot  end  of  the  second 
regenerator,  through  which  they  made  their  way  to  the  chimney.  For 
reversing  the  currents  through  the  regenerators  two  valves  were  needed, 
connected  by  a  lever,  one  at  the  hot  end  of  the  regenerators  near  die 
fire,  and  the  other  at  the  cool  end  next  the  chimney;  whereby  the 
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heated  air  was  made  to  enter  the  fireplace  by  the  same  passage  as 
previously,  and  the  direction  of  the  flame  through  the  puddling  chamber 
was  not  changed.  By  this  arrangement  the  regenerative  furnace  was 
assimilated  as  nearly  as  could  be  to  an  ordinary  puddling  furnace 
in  form  and  mode  of  working.  The  few  furnaces  constructed  in  this 
manner  produced  a  great  heat  with  little  more  than  one  half  the 
consumption  of  fuel  of  ordinary  furnaces  in  doing  the  same  amount  of 
work.  A  considerable  saving  of  iron  was  also  effected  in  puddling, 
owing  to  the  absence  of  strong  cutting  draughts,  a  mild  draught  being 
found  sufficient  to  produce  the  necessary  heat.  There  still  remained 
drawbacks  however  which  prevented  an  extensive  application  of  thi^ 
form  of  furnace :  the  fire  required  frequent  attention,  and  it*  was 
difficult  to  maintain  a  uniform  volume  of  flame  in  the  furnace ;  the 
reversing  valve  at  the  hot  end  of  the  regenerators  was  moreover  liable 
to  get  out  of  order,  and  the  furnace  was  costly  to  erect. 

The  most  important  step  in  the  development  of  the  regenerative 

furnace  has  been  the  complete  separation  of  the   fireplace  or   gas 

producer  from  the  heating  chamber  or  furnace  itself.    When  a  imiform 

and  sufficient  supply  of  combustible  gas  is  ensured,  it  can  evidently  be 

heated  just  like  the  air,  by  being  passed  through  a  separate  regenerator 

before  reaching  the  furnace,  whereby  its  heating  power  is  greatly 

increased.    The  difficulty  of  maintaining  a  uniform  flame  in  the  furnace 

is  thereby  certainly  xemoved,  and  there  is  no  longer  any  necessity  for 

keeping  the  flame  always  in  the  same  direction  through  the  furnace, 

smce  the  gas  can  be  introduced  with  equal  facility  at  each  end  of  the 

heating  chamber  in  turn,  and  the  periodical  change  of  direction  of  the 

flame  through  the  furnace  tends  only  to  make  the  heat  more  uniform 

throughout :  whereas  in  the  previous  plan  of  employing  solid  fuel  for 

heating  in  the  furnace,   the  relative  position  of  the  fireplace   and 

heating  chamber  being  fixed  and  unchangeable  required  the  direction 

of  the  flame  to  be  kept  always  the  same,  Tmaltered  by  the  reversal  of 

currents  through  the  regenerators.     The  new  plan  of  a  separate  gas 

producer  has  now  been  successfully  carried  out  in  practice,  and  there  are 

already  a  considerable  number  of  the  regenerative  gas  furnaces  in 

satisfiM^tory  operation  in  this  country  and  on  the  continent,  applied  to 
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glasshouses,  iron  furnaces,  kc.  In  the  neighhourhood  of  Binuinghtm, 
at  Messrs.  Lloyd  and  Summerfield^s  Glass  Works,  a  flint  glass  fdnace 
constructed  upon  this  plan  has  now  been  in  continuous  operation  for 
nearly  twelve  months,  and  affords  a  good  opportunity  for  ascertaining 
the  consumption  of  fuel  of  the  regenerative  furnace  as  compared  vith 
the  previous  furnace  performing  ihe  same  work.  At  the  Glass 
Works  of  Messrs.  Chance  Brothers  and  Co.  near  Birmingham,  the 
regenerative  gas  furnace  has  been  under  trial  for  the  same  length  of 
time,  and  has  latterly  been  adopted  for  the  various  purposes  in  crown 
and  sheet  glass  making  upon  a  very  large  scale.  Messrs.  James  Russell 
and  Sons,  Crown  Tube  Works,  Wednesbury,  are  also  applying  the 
furnace  to  the  delicate  operation  of  welding  iron  tubes,  and  in  a  short 
time  will  probably  employ  no  solid  fuel  for  any  fiimaces  at  their  worb. 
Another  flint  glass  fhmace  erected  by  Messrs.  Osier  in  Birmingham, 
and  several  puddling  furnaces  erected  by  Messrs.  Gibbs  Brothers  at 
Deepfields,  and  by  Mr.  Hichard  Smith  at  the  Round  Oak  Iron  Works, 
are  amongst  the  latest  applications  of  the  regenerative  gas  furnace, 
the  designs  having  in  all  cases  been  furnished  by  the  writer  and  carried 
out  under  his  brother's  immediate  superintendence. 

The  Gas  Producer  is  shown  in  Figs.  1,  2,  and  3,  Plates  1  and  2 : 
Fig.  1  is  a  longitudinal  section,  Fig.  2  a  front  elevation  and  transverse 
section  at  the  front,  and  Fig.  3  a  transverse  section  at  the  back.  The 
producers  are  entirely  separate  from  the  furnace  where  the  heat  is 
required,  and  are  made  sufficient  in  number  and  capacity  to  sapplj 
several  furnaces.  The  fuel,  which  may  be  of  the  poorest  descriptioD, 
such  as  slack,  coke  dust,  lignite,  or  peat,  is  supplied  at  intervals  of 
from  6  to  8  hours  through  the  covered  holes  A,  Figs.  1  and  2,  and 
descends  gradually  on  the  inclined  plane  B,  which  is  set  at  an  inclina- 
tion of  from  45^  to  €0°  according  to  the  nature  of  the  fuel  used.  The 
upper  portion  of  the  incline  B  is  made  solid,  being  formed  of  iron 
plates  covered  with  firebrick ;  but  the  lower  portion  0  is  an  open 
grate  formed  of  horizontal  flat  steps.  At  the  foot  of  the  grate  G  is  a 
covered  water  trough  D,  filled  with  water  up  to  a  constant  level  from 
the  small  feeding  cistern  £,  supplied  by  a  water  pipe  with  a  ball  tap. 
The  large  opening  under  the  water  trough  is  convenient  for  drawing 
out  clinkers,  which  generally  collect  at  that  point.    The  small  stoppered 
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holes  F  F  at  the  front  and  Q  G  at  the  top  of  the  producer  are  provided 
to  allow  of  putting  in  an  iron  bar  occasionally  to  break  up  the  mass  of 
foel  and  detach  clinkers  from  the  side  walls.  Each  producer  is  made 
large  enough  to  hold  about  10  tons  of  fuel  in  a  low  incandescent  state, 
and  is  capable  of  converting  about  2  tons  of  it  daily  into  a  combustible 
gas,  which  passes  off  through  th%  opening  H  into  the  main  gas  flue 
leading  to  the  furnaces. 

The  action  of  the  gas  producer  in  working  is  as  follows  :  the  fuel 
descending  slowly  on  the  solid  portion  B  of  the  inclined  plane,  Plate  1, 
becomes  heated  and  parts  with  its  volatile  constituents,  the  hydro- 
carbon gases,  water,  ammonia,  and  some  carbonic  acid,  which  are  the 
same  as  would  be  evolved  from  it  in  a  gas  retort.     There  now  remains 
from  60  to  70  per  cent,  of  purely  carbonaceous  matter  to  be  disposed 
of,  which  is  accomplished  by  the  slow  current  of  air  entering  through 
the  grate  C,  producing  regular  combustion  immediately  upon  the  grate ; 
but  the   carbonic  acid  thereby  produced,  having  to  pass  slowly  on 
through  a  layer  of  incandescent  fuel  from  8  to  4  feet  thick,  takes  up 
another  equivalent  of  carbon,  and  the  carbonic  oxide  thus  formed  passes 
off  with  the   other  combustible   gases  to   the  furnace.     For  every 
cubic  foot  of  combustible  carbonic  oxide  thus  produced,  taking  th« 
atmosphere  to  consist  of  l-5tk  part  by  volume  of  oxygen  and  4*5th8 
of  nitrogen,  two  cubic  feet  of  incombustible  nitrogen  pass  also  through 
the  grate,  tending  greatly  to  diminish  the  richness  or  heating  power  of 
the  gas.     Not  all  the  carbonaceous  portion  of  the  fuel  is  however 
volatiliBed  on  such  disadvantageous  terms :  for  the  water  trough  D  at 
the  foot  of  the  grate,  absorbing  the  spare  heat  from  the  fire,  emits 
steam  through  the  small  holes  I  under  the  lid  ;  and  each  cubic  foot  of 
steam  in  traversing  the  layer  of  from  3  to  4  feet  of  incandescent  fuel 
is  decomposed  into  a  mixture  consisting  of  one  cubic  foot  of  hydrogen 
and  nearly  an  equal  volume  of  carbonic  oxide,  with  a  variable  small 
propMtion  of  carbonic  acid.     Thus  one  cubic  foot  of  steam  yields  ae 
much  inflammable  gas  as  five  cubic  feet  of  atmospheric  air  ;  but  the 
one  <^>eration  is  d^>endent  upon  the  other,  inasmuch  as  the  passage  of 
air  through  the  fire  is  attended  with  liie  generation  of  heat,  whereas 
the  production  of  the  water  gases,  as  well  as  the  evolution  of  the 
hydro-carbons,  is  carried  on  at  the  expense  of  heat.     Hie  generation 
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of  steam  in  the  water  trough  being  dependent  on  the  amount  of  heit 
in  the  fire,  regulates  itself  naturally  to  the  reqmrements ;  and  the  tottl 
prodoction  of  combustible  gases  varies  with  the  admission  of  air.  And 
since  the  admission  of  air  into  the  grate  depends  in  its  tarn  upon  the 
withdrawal  of  the  gases  evolved  in  the  prodnoer,  the  prodnction  of  the 
gases  is  entirely  regulated  by  the  detnand  for  them.  The  prodaction 
of  gas  may  even  be  arrested  entirely  for  12  hours  without  deranging 
the  producer,  which  will  begin  work  again  as  soon  as  the  gas  valve 
of  the  furnace  is  reopened;  since  the  mass  of  fuel  and  bridnroik 
retain  sufficient  heat  to  keep  up  a  dull  red  heat  in  the  producer 
during  that  interval.  The  gas  is  however  of  a  more  uniform  quality 
when  there  is  a  continuous  demand  for  it,  and  for  this  reason  it  is  best 
to  supply  several  furnaces  from  one  set  of  producers,  so  as  to  keep  the 
producers  constantly  at  work.  The  opening  H  leading  from  each 
producer  into  the  main  gas  flue  can  be  closed  by  inserting  a  damper 
from  above,  as  shown  in  Fig.  1,  in  case  auy  one  of  the  producers  is 
required  to  be  stopped  for  repairs  or  because  part  of  the  fumaoes 
supplied  are  out  of  work. 

It  is  important  that  the  main  gas  flue  leading  to  the  furnaces  should 
contain  an  excess  of  pressure  however  slight  above  the  atmosphere,  in 
order  to  prevent  any  inward  draughts  of  air  through  crevices,  whidi 
would  produce  a  partial  combustion  of  the  gas  and  diminish  its  heating 
power  in  the  furnace,  besides  causing  a  deposit  of  soot  in  the  flues. 
It  is  therefore  necessary  to  deliver  the  gas  into  the  furnace  without 
depending  upon  a  chimney  draught  for  that  purpose.  This  could  easily 
be  accomplished  if  the  gas  producers  were  placed  at  a  lower  level  than 
the  furnaces,  but  as  that  is  generally  impossible,  the  following  plan  has 
been  adopted.  The  mixture  of  gases  on  leaving  the  producers  has  a 
temperature  ranging  between  300^  and  400^  Fahr.,  which  must  under 
all  circumstances  be  sacrificed,  since  it  makes  no  difference  to  the 
result  at  what  temperature  the  gas  to  be  heated  enters  the  regenerators, 
the  final  temperature  being  in  all  cases  very  nearly  that  of  the  heated 
chamber  of  the  fumaoe  or  say  2500^  Fahr.  The  initial  heat  of  the 
gas  is  therefore  made  available  for  producing  a  plenum  of  pressure  by 
making  the  gas  rise  about  20  feet  above  the  producers,  then  carrying  it 
horizontally  20  or  30  feet  through  the  wrought  iron  tube  J,  Plate  1,  and 
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letting  it  again  descend  to  the  furnace,  as  shown  by  the  arrows  in  Fig.  1. 
The  horizontal  tube  J  being  exposed  to  the  atmosphere  causes  the  gas 
to  lose  from  100^  to  150^  of  temperature,  which  increases  its  density 
from  15  to  20  per  cent,  and  gives  a  preponderating  weight  to  that 

extent  to  the  descending  column,  urging  it  forwards  into  the  fiinkaoe. 

• 

The  application  of  the  regenerative  gas  furnace  as  a  Plate  Glass 
Melting  Furnace  is  shown  in  Plates  3  to  6,  which  represent  a  melting 
fumaoe'  now  in  course  of  erection  at  the  British  Plate  Glass  Works 
near  St.  Helen's.  This  fiimace  does  not  differ  materially  from  the 
regenerative  gas  furnaces  previously  erected  and  at  work  at  Messrs. 
Chance's  and  Messrs.  Lloyd  and^  Summerfield's,  but  is  selected  in 
preference  because  it  is  the  most  improved  in  details  of  construction. 
Plate  3  shows  a  longitudinal  section  of  the  furnace,  Plate  4  a  trans- 
verse section,  and  Plate  5  a  sectional  plan  above  and  below  the  bed  or 
<*  si^e  "  as  it  is  termed  of  the  furnace.  Figs.  7,  8,  and  9,  Plate  6, 
show  the  detail  of  the  gas  and  air  valves. 

The  heating  chamber  A  of  the  frirnace.  Figs.  4  and  5,  contains 
twelve  glass  pots  B,  which  are  got  out  through  the  side  doors  when 
the  glass  is  ready  for  casting  upon  the  moulding  table.     Underneath 
are  placed  transversely  the  four  regenerators  G  G,  composed  of  open 
firebricks  built  up  on  a  grating,  which  are  arched  over  at  the  top 
and  support  the  bed  or  siege  D  of  the  furnace.     The  regenerators 
work  in  pairs,  the  two  under  the  right  hand  end  of  the  siege  commu- 
nicating with  that  end  of  the  heating  chamber,  while  the  other  two 
communicate  with  the  opposite  end,  as  shown  in  Fig.  4.     The  gas 
enters  the  chamber  through  the  three  passages  E,  Figs.  5  and  6,  and 
the  air  through  the  two  intermediate  passages  F,  whereby  they  are 
kept  entirely  separate  up  to  the  moment  of  entering  the  furnace,  but 
are  then  able  inmiediately  to  mingle  intimately,  producing  at  once  an 
intense  and  uniform  flame  in  the  heating  chamber.     The  siege  D  is 
built  of  flrebrick,  with  a  nxmiber  of  transverse  channels,  shown  black 
in  figs.  4  and  8,  through  which  the  cold  entering  air  is  made  to  pass 
on  its  way  into  the  air  flue  G,  as  shown  by  the  arrows  in  Fig.  5  ;  by 
this  means  the  siege  is  kept  comparatively  cool,  so  that  no  fluid  glass 
can  pass  through  crevices  into  the  regenerators.     Any  melted  glass 
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ihai  vukj  Ml  from  the  heatiii^  chamber  throogh  thc^apertara  rt  tLe 
ends  of  the  siege  does  not  get  into  the  regeneimton,  bat  HiUi  into  the 
pockets  M,  Fig.  4,  vhence  it  can  be  mnovcd  through  the  qwaing  tt 
the  bottom.  The  passage  X,  Fig.  5,  by  which  the  air  enters,  affords 
the  means  of  getting  at  the  regeoCTators  thrcmgh  an  opoiing  at  tLc 
end  of  each. 

From  the  air  floe  6,  Fig.  8,  the  entering  air  is  directed  bj  the 
reversing  ralre  H  into  the  air  regenerator,  as  shown  by  the  snows, 
and  there  becomes  heated  ready  for  entering  the  fdmace ;  at  the  isme 
time  the  gas  entering  from  the  gas  floe  I,  fig.  7,  is  directed  by  the 
rerersing  yalre  J  into  the  gas  regeneimtor,  where  it  beeomet 
heated  to  the  same  iemperatnre  as  the  air.  Similarly  the  products  d 
eombnstion  on  leaving  the  opposite  end  of  the  fiimaoe  pass  down 
through  the  second  pair  of  regenerators^  as  shown  bj  the  arrows  in 
Fig.  4,  and  after  being  here  deprived  of  their  heat  are  directed  by  the 
reversing  valves  H  and  J  into  the  chimney  fine  K.  When  the  second 
pair  of  regenerators  have  become  considerably  heated  by  the  passige 
of  the  hot  products  of  combustion,  and  the  first  pair  oorrespondinglj 
cooled  by  the  entering  air  and  gas,  the  valves  H  and  J  are  reverBed 
by  the  hand  levers,  as  shown  dotted  in  Figs.  7  and  8,  causing  the 
corrents  to  pass  through  the  regenerators  and  the  heating  chamber 
in  the  contrary  direction,  whereby  the  hot  pair  of  regenerators  are  now 
made  use  of  for  heating  the  gas  and  air  entering  the  fiimaoe,  while 
the  cool  pair  abstract  the  heat  from  the  products  of  cumbustiofi 
escaping  from  the  furnace.  The  supply  of  air  and  gas  to  the  furnace 
is  regulated  by  the  adjustable  stop  valves  L,  whereby  the  nature  sad 
volume  of  the  flame  in  the  furnace  may  be  varied  at  pleasure ;  whilst 
the*  chimney  damper  is  used  to  regulate  the  amount  of  pressure  in  the 
furnace  in  relation  to  the  atmosphere,  so  as  to  allow  the  opening  of 
working  holes. 

The  construction  of  fhmaoe  above  described  may  be  varied  in  many 
ways  to  suit  local  circumstances.  The  regenerators  are  in  some 
instances  not  placed  immediately  under  but  at  the  side  of  the  furnace; 
but  it  is  important  that  they  should  always  be  placed  «t  a  lower  level 
than  the  furnace,  in  order  that  the  air  and  gas  may  rise  natoraUy  into 
the  heating  chamber,  forming  there  a  plenum  of  pressure. 
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Plates  7,  8^  and  9  show  the  application  of  the  regenerative  gas 
furnace  as  a  Bound  Flint  Glass  Furnace.  Plates  7  and  8  show 
yertical  sections  of  the  furnace  taken  at  right  angles  to  each  other,  and 
Plate  9  a  sectional  plan  ahore  and  helow  the  siege.  The  round  form 
of  furnace  is  found  convenient  in  flint  glass  houses,  affording  the 
greatest  amount  of  accommodation  to  the  glass  hlowers.  The 
four  regenerators  C  are  here  arranged  below  the  siege  as  before, 
and  the  air  and  gas  from  the  hot  regenerators  enter  the  annular 
heating  chamber  A  at  one  side  of  the  furnace,  as  shown  by  the  arrows 
in  Fig.  10,  and  pass  all  round  it,  the  products  of  combustion  escaping 
it  the  opposite  side  into  the  cold  regenerators.  The  direction  of  the 
current  is  reversed  at  intervals  exactly  as  in  the  plate  glass  furnace 
already  described,  by  means  of  the  reversing  valves  H  and  J  in  the 
air  and  g^as  passages,  Figs.  11  and  12.  Furnaces  of  this  construction 
have  lately  been  got  to  work  at  Namur  in  Belgium  and  at  Montluyon 
in  France,  and  several  others  of  the  same  description  are  in  course  of 
erection  at  the  present  time.  The  furnace  just  started  by  Messrs. 
Osier  in  Birmingham  also  partakes  of  this  form,  being  made 
semicireular. 

In  setting  out  each  individual  furnace,  the  heating  effect  required, 
the  quality  of  the  fuel  employed,  and  the  particular  nature  of  the 
process  to  be  pejformed,  have  to  be  considered.  The  amount  of  heat 
required  determines  the  capacity  of  the  regenerators;  and  the  gas 
regenerators  require  fully  as  large  a  capacity  as  the  air  regenerators, 
and  sometimes  even  a  greater.  This  would  perhaps  hardly  be 
expected,  but  will  be  seen  to  be  the  case  from  the  following 
considerations.  The  gases  proceeding  from  the  gas  producers  are  a 
mixtore  of  oleflant  gas,  marsh  gas,  vapour  of  tar,  water  and 
ammoniacal  compounds,  hydrogen  gas  and  carbonic  oidde;  besides 
nitrogen,  carbonic  acid,  some  sulphuretted  hydrogen,  and  some 
hisulphuret  of  carbon.  The  specific  gravity  of  this  mixture  averages 
078,  that  of  air  being  1*00;  and  a  ton  of  fuel,  not  including  the 
^thy  remnants,  produces  according  to  calculation  nearly  64000  cubic 
feet  of  gas.  By  heatbg  these  gases  to  3000*"  Fahr.  their  volume 
would  be  fully  six  times  increased,  but  in  reality  a  much  larger 
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increase  of  Tolnme  ensnes,  in  consequence  of  some  important  chemical 
changes  effected  at  the  same  time.  The  defiant  gas  and  tar  Tapour 
are  well  known  to  deposit  carbon  on  being  heated  to  redness,  which  is 
immediately  taken  np  by  the  carbonic  acid  and  yapour  of  water,  the 
former  being  converted  into  carbonic  oxide  and  the  latter  into  carbonic 
oxide  and  pure  hydrogen.  The  anmioniacal  yaponrs  and  sulphuretted 
hydrogen  are  also  decomposed,  and  permanently  elastic  gases  ?rith  a 
preponderance  of  hydrogen  are  formed.  The  specific  gravity  of  the 
mixture  is  reduced  in  consequence  of  these  transformations  to  0*70, 
showing  an  increase  of  Tolume  from  64000  to  nearly  72000  cubic  feet 
peir  ton  of  fuel,  taken  at  the  same  temperature.  This  chemical  diange 
represents  a  large  absorption  of  heat  from  the  regenerator,  but  the 
heat  is  given  out  again  by  combustion  in  the  furnace,  enhancing  the 
heating  power  of  the  fuel  beyond  the  increase  due  to  elevation  of 
temperature  alone. 

The  chemical  transformation  is  also  of  importance  in  preventiog 
*^ sulphuring;''  for  it  is  believed  that  the  sulphur  in  separatiog 
from  its  hydrogen  takes  up  oxygen  supplied  by  the  carbonic  acid 
and  water,  forming  sulphurous  acid,  a  firm  compoimd,  which  is 
not  decomposed  on  meeting  with  metallic  oxides  in  the  furnace.  This 
view  is  so  far  borne  out  by  experience  that  glass  containing  a  moderate 
proportion  of  lead  in  its  composition  may  be  melted  in  open  cmciUes 
without  injury,  instead  of  requiring  covered  pots  for  the  purpose  as  in 
ordinary  furnaces.  In  dealing  with  the  highest  quality  of  flint  glass 
however  it  is  found  necessary  to  retain  covered  pots ;  but  every  other 
description  of  glass  is  melted  in  open  pots.  In  all  branches  of  glass 
manufacture,  saving  of  fuel  is  of  relatively  small  moment  as  compared 
with  the  improvement  effected  in  the  colour  and  general  quality  of  the 
glass  by  the  use  of  the  regenerative  gas  furnace,  owing  to  the  absence 
of  dust  and  cinders  and  the  higher  degree  of  temperature  which  may 
with  safety  be  maintained  throughout  the  heating  chamber. 

These  advantages  of  the  regenerative  gas  furnace  are  of  eqnal 
value  in  the  case  of  puddling  and  welding  iron.  Plates  10  and  11 
represent  a  Puddling  Furnace  constructed  on  this  plan.  Fig.  13  is  a 
longitudinal  section  of  the  furnace.  Fig.  14  a  sectional  plan  of  the 


RBOENERATIVR  0A8  FURNACB.  33 

paddling  chamber,  and  Fig.  15  a  sectional  plan  of  the  regenerators; 
Fig.  16  is  a  transverse  section  at  the  end  of  the  furnace,  and 
Figs.  17  and  18  are  vertical  sections  through  ihe  gas  and  air 
passages. 

The  four  regenerators  0  are  in  this  case  arranged  longitudinally 
underneath  the  puddling  chamber  A,  Tvhich  may  be  of  the  usual  form. 
In  order  to  complete  the  combustion  of  the  gas  and  air  in  passing 
through  the  comparatively  short  length  of  the  puddling  chamber,  it  is 
necessary  to  mix  them  more  intimately  than  is  requisite  in  the  large 
glass  furnaces  previously  described.  For  this  purpose  a  mixing 
chamber  O,  Fig.  18,  is  provided  at  each  end  of  the  puddling  chamber, 
and  the  gas  and  air  from  the  regenerators  are  made  to  enter  the 
mixing  chamber  from  opposite  sides,  as  shown  in  Fig.  16;  the  gas 
aperture  E  is  moreover  placed  several  inches  lower  than  the  air 
aperture  F,  so  that  the  lighter  stream  of  gas  rises  through  the  stream 
of  air  while  both  are  urged  forward  into  the  puddling  chamber,  and  an 
intense  and  perfect  combustion  is  produced.  The  mixing  chambers  0 
are  sloped  towards  the  furnace,  as  shown  in  Fig.  13,  in  order  to  drain 
them  of  any  cinders  which  may  get  over  the  bridge.  The  reversal  of 
the  current  through  the  furnace  is  effected  about  every  hour  by  the 
reversing  valves  H  and  J  in  the  air  and  gas  flues,  the  arrangement 
of  which  is  exactly  similar  to  that  already  described  in  the  glass 
furnace :  the  supply  of  gas  and  air  is  regulated  by  the  throttle 
valves  L,  and^  the  draught  through  the  furnace  by  the  ordinary 
chimney  damper. 

This  same  arrangement,  with  obvious  modifications,  may  be  applied 
also  to  blooming  and  heating  furnaces,  the  advantages  in  both  cases 
being  a  decided  saving  of  iron,  besides  an  important  saving  in  the 
quantity  and  quality  of  the  fuel  employed.  The  space  saved  near  the 
hammer  and  rolls  by  doing  away  with  fireplaces,  separate  chimney 
stacks,  and  stores  of  fuel,  is  also  a  considerable  advantage  in  favour 
of  the  regenerative  gas  furnace  in  ironworks.  The  facility  which  it 
affords  for  either  concentrating  the  heating  effect  or  diffusing  it  equally 
over  a  long  chamber,  by  effecting  a  more  or  less  rapid  mixture  of  the 
air  and  gas,  renders  the  furnace  particularly  applicable  for  heating 
large  and  irregular  forgings  or  long  strips  or  tubes  which  have  to  be 
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brought  to  a  welding  hemt  tiiroiiglioiit.  It  has  already  been  tsp^fii 
to  a  considerable  extent  in  Germanj  for  heating  iron,  haTing  been 
worked  out  there  nnder  the  direction  of  the  writer^s  eldest  broUier, 
Dr.  Werner  Siemens,  who  has  also  contributed  essentislly  to  the 
development  of  the  system.  The  fdmaces  at  the  extensive  iron  tnd 
engine  works  of  M.  Borsig  of  Berlin  are  being  remodelled  for  the 
adoption  of  this  system  of  heating,  as  hare  also  been  those  at  the 
imperial  factories  at  Warsaw. 

Another  important  application  of  the  regenerative  gas  foniaoe  is 
as  a  Steel  Melting  Fnmace,  in  which  the  highest  deg^ree  of  heat  knom 
in  the  arts  is  required,  presenting  consequently  the  greatest  margin  for 
saving  of  fuel.  Plate  12  represents  a  regenerative  steel  furnace  which 
has  been  in  satisfactory  operation  in  Germany  for  a  considerable  length 
of  time,  being  worked  with  lignite,  a  fuel  little  superior  to  peat  in 
heating  power.  This  application  of  the  regenerative  gas  fdmace  is 
indeed  rapidly  extending  in  Germany,  but  has  not  yet  practically 
succeeded  in  Sheffield  where  it  was  also  tried :  it  is  however  in  coone 
of  application  at  the  Brades  Steel  Works  near  Birmingham.  Fig.  19  is 
a  longitudinal  section  of  the  furnace,  Fig.  20  a  transverse  section,  and 
Fig.  21  a  sectional  plan. 

The  two  pairs  of  regenerators  C  C,  Figs.  19  and  21,  are  situated 
at  the  ends  of  the  long  melting  chamber  A,  in  which  the  steel  melting 
pots  B  B  are  arranged  in  a  double  row.  The  chamber  is  covered  with 
iron  cramped  arch-pieces  P,  any  of  which  can  be  readily  removed  for 
getting  at  the  pots.  The  arrangement  of  the  reversing  valves  and  the 
air  and  gas  flues  is  similar  to  that  in  the  glass  furnace  previouslj 
described. 

Other  applications  of  the  regenerative  gas  furnace  are  being  carried 
out  at  the  present  time  :  among  which  may  be  mentioned  one  to  brick 
and  pottery  kilns  for  Mr.  Humphrey  Chamberlain  near  Southampton, 
for  Messrs.  CliflF  of  Wortley  near  Leeds,  and  for  Mr.  Cliff  of  the 
Imperial  Potteries,  Lambeth ;  also  to  the  heating  of  gas  retorts  at 
the  Paris  General  Gas  Works,  and  at  the  Chartered  Gas  Co.'s  Works, 
London.    The  description  already  given  however  is  sufficient  to  diow 


BBGANBRATXYE    QAS   FUBNACB.  85 

the  facility  with  which  this  mode  of  heating  may  be  adapted  to 
the  Tarioas  circumstances  imder  which  furnaces  are  employed.  The 
important  application  of  the  regenerative  system  to  hot-blast  stoves 
for  blast  furnaces  by  Mr.  E.  A.  Cowper  has  already  been  separately 
communicated  to  this  Institution  (see  Proceedings  Inst.  M.  E.,  1860, 
!»ge54). 

The  experience  hitherto  obtained  with  the  regenerative  mode  of 

heating  shows  that  it  is  attended  with  the  greatest  proportionate 

advantage  in  localities  where  good  coal  is  scarce  but  where  an  inferior 

fuel  abounds.     This  applies  most  forcibly  to  the  South  Staffordshire 

district,  where  the  best  coal  in  lumps  is  worth  12«.  6d.  per  ton, 

whereas  good  slack  can  be  had  at  38.  or  4s.  per  ton.     The  question 

gains  moreover  in  importance  when  it  is  considered  that,  according 

to  the  best  authorities,  the  Thick  coal  of  the  district  is  coming  to 

an  end,  while  millions  of  tons  of  coal  dust  have  accumulated,  of  no 

present  commercial  value,  which  on  being  converted  into  gas  in  the 

manner  described  by  means  of  the  gas  producers  would  acquire  a 

heating  value  equal  at  any  rate  to  the  same  weight  of  the  best  coal  in 

the  manner  in  which  it  is  at  present  used.      Considering  also  the 

proximity  of  the  pits  to  the  ironworks  in  this  district,  it  may  be 

suggested  whether  the  gas  producers  being  of  very  simple  construction 

might  not  with  advantage  be  placed  near  the  banks  of  fuel  above  or 

even  under  ground,  the  gas  being  conveyed  to  the  works  by  a  culvert 

BO  as  to  supersede  carting  of  the  fuel.     Such  an  arrangement  might 

notably  contribute  to  perpetuate   the   high  position  which    South 

Staffordshire  has  so  long  maintained  as  an  iron  producing  district. 


Mr.  SiEHKMs  observed  that  the  essential  features  of  the  regenerative 
gas  furnace  described  in  the  paper,  as  now  matured  and  carried  out  in 
practice,  were  the  separate  gas  producers,  in  which  the  solid  fuel 
WIS  converted  into  a  gaseous  form  for  use  in  the  furnace,  and  the 
regenerators,  in  which  the  gas  and  air  were  each  raised  to  a  high 
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degree  of  temperature  previous  to  their  mixture  and  combustion  in  the 
furnace,  whereby  the  heat  produced  by  the  combustion  was  very  greatly 
increased.  In  the  gas  producers  the  fuel  underwent  a  slow  digestion, 
and  the  whole  of  the  combustible  constituents  were  drawn  off  into  the 
furnace  in  the  form  of  gas,  while  the  incombustible  ash  or  valueless 
portion  of  the  fuel  was  left  behind.  The  gas  produced  was  of  a  erode 
nature  in  its 'original  state,  and  much  inferior  to  common  gas  for 
illuminating  or  heating  purposes,  and  if  burnt  only  with  ordinary  air 
would  give  very  poor  results  :  but  it  underwent  a  further  change  in  the 
regenerator  where  it  was  heated  up  to  about  8000°  Fahr.,  at  which 
temperature  the  several  gaseous  compounds  contained  in  it  became 
decomposed,  the  rich  carburetted  hydrogen  depositing  carbon  which 
.  was  at  once  taken  up  by  the  vapour  of  water  present,  producijig 
carbonic  oxide  and  hydrogen ;  so  that  there  was  then  present  the 
greatest  amount  of  free  hydrogen,  which  had  three  or  four  times  the 
heating  power  of  any  other  gas.  The  air  used  for  burning  the  gas 
was  also  heated  by  the  regenerator  up  to  about  3000^  and  then  mixed 
with  the  gas  at  the  same  temperature,  producing  perfect  and  most 
intense  combustion :  the  regenerative  system  thus  presented  the  means 
of  attaining  an  almost  unlimited  degree  of  temperature.  At  the  same 
time  there  was  no  great  current  or  draught  through  the  fiimace,  since 
the  chimney  draught  was  not  required  in  this  farnace  to  urge  tiie 
combustion  as  in  ordinary  farnaces  heated  by  solid  fuel,  and  the 
cutting  draughts  destructive  of  ordinary  furnaces  were  therefore 
entirely  avoided. 

Mr.  J.  T.  Chance  said  the  regenerative  gas  furnace  had  been 
tried  at  Messrs.  Chance's  glass  works,  and  it  certainly  bid  fair  to 
produce  a  considerable  change  in  the  mode  of  maintaining  the  high 
temperature  required  in  glass  works.  He  was  not  in  a  position  at 
present  to  state  definitely  that  success  was  thoroughly  obtained  in 
every  particular,  simply  because  it  required  time  to  develop  all  the 
difficulties  or  peculiarities  that  might  arise  in  the  application  of 
the  furnace  to  a  new  process  of  manufacture,  which  might  not  be 
anticipated  prior  to  actual  trial.  Ko  difficulties  however  had 
occurred  yet  in  the  working  of  their  large  melting  furnace,  containing 
eight  large  pots  holding  two  tons  of  glass  each,  which  had  now  been 
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in  regular  work  for  three  weeks  with  complete  snccess ;  and  there 
appeared  no  reason  to  anticipate  any  difficulty  arising.  On  the 
contrary  he  expected  the  greatest  advantages  in  glass  furnaces  from 
the  plan  of  converting  the  fuel  into  gas  before  letting  it  enter  the 
furnace,  of  the  superiority  of  which  there  could  be  no  doubt ;  for  it  was 
evident  it  must  be  far  better  to  have  gas  alone  burnt  in  the  furnace, 
producing  a  perfectly  clean  flame,  free  from  all  impunties,  than  to 
have  the  gas  generated  from  solid  fuel  in  the  furnace  itself,  when  the 
work  was  necessarily  exposed  to  all  the  impurities  arising  from  the 
fuel,  especially  at  the  time  of  stirring  up  the  fire.  The  economy  of  the 
furnace  at  their  works  had  not  yet  been  definitely  ascertained,  as  it 
had  not  been  long  enough  at  work  at  present  for  that  purpose,  but  he 
expected  there  would  certainly  be  economy  as  compared  with  ordinary 
furnaces. 

They  had  had  a  smaller  furnace  on  the  same  principle  at  work 
previously  for  a  year,  for  the  purpose  of  making  a  preliminary  trial  of 
the  plan  before  attempting  to  carry  it  out  on  so  large  a  scale  as  the 
new  furnace  that  had  now  been  erected.  In  this  first  furnace  some 
deposit  had  occurred  in  the  regenerators,  which  he  hoped  would  be 
obviated  in  the  larger  furnace.  In  making  glass  a  great  volatilisation 
took  place  of  the  foreign  substances  contained  in  the  melted  materials, 
which  in  the  ordinary  furnaces  passed  off  through  the  working  holes  ; 
but  in  the  new  regenerative  furnace  the  volatilised  gases  would  all  have 
to  pass  through  the  regenerators,  and  he  was  desirous  of  seeing  whether 
this  would  cause  any  trouble  by  choking  the  passages  of  the  regenerators 
after  working  for  a  length  of  time :  but  even  if  any  such  effect  were 
produced,  it  would  be  merely  a  question  of  expense  of  renewing  the 
regenerators  when  required.  The  principle  of  the  furnace  was  certainly 
a  very  perfect  one,  and  on  first  becoming  acquainted  with  it  he  was 
particularly  struck  with  the  scientific  principle  on  which  the  regenerators 
acted,  separating  the  heat  passing  off  from  the  furnace,  and  retaining  it 
all  in  the  furnace,  letting  the  products  of  combustion  pass  off  into  the 
chimney  at  a  low  temperature  ;  and  the  quantity  of  heat  thus  gradually 
accumulating  in  the  regenerator  was  then  all  given  back  again  to  the 
furnace  when  the  draught  was  reversed.  In  the  practical  application 
of  the  regenerative  furnace  for  glass  making  he  had  been  surprised 
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that  80  few  difficulties  were  met  with,  the  new  large  fbmaoe  haTing 
gone  on  in  regular  work  with  entire  success  from  the  first  start: 
the  furnace  thus  appeared  not  only  perfect  in  theorj,  but  slso  to 
present  no  insuperable  difficulties  in  practice. 

The  Chairman  asked  what  was  the  experience  at  Messrs.  Llojd 
and  Summerfield^s  glass  works  as  to  working  and  economy  of  fad 
with  the  new  furnace. 

Dr.   Lloyd  replied  that  they  had  had  one  of  the  regenentiTe 
ten  pot  furnaces  in   operation  nearly  twelve  months  for  flint  gliss 
making)   and   every  month^s    experience   of  its  working  convinced 
him  that  the  high  opinion  he   originally  formed  of  its  value  wis 
fully  deserved,  notwithstanding  some  difficulties  that  had  been  met 
with.     The  regenerative  system  appeared  to  him  one  of  the  most 
beautiful  adaptations  of  science  to  practical  art,  and  he  was  so  much 
struck  with  the  soundness  of  the  principle  that  he  went  at  once 
to  see   a  small  glass   furnace   that  was  working  on  that  plan  in 
Yorkshire ;  and  being  satisfied  of  the  theoretical  perfection  of  the 
plan,  he  adopted  the  new  furnace  immediately  at  his  own  works  for 
flint  glass  making.    In  this  case  the  melting  pots  were  all  closed  in  at 
the  top,  and  he  had  therefore  no  apprehension  of  the  regeneraton 
getting  clogged  after  working  a  length  of  time,  since  all  the  vapours 
in  melting  escaped  at  the  mouths  of  the  pots  and  did  not  pass  into  the 
regenerators  at  all.     Some  inconvenience  had  arisen  occasionallj  at 
first  by  pots  breaking  near  the  bottom,  in  consequence  of  the  siege 
being  too  thin  ;  but  this  was  effectually  remedied  by  raising  the  siege 
with  fireclay  by  degrees  in  setting  new  pots.    He  had  adopted  the  new 
furnace  mainly  with  a  view  to  saving  in  fuel,  and  particular  attention 
had  been  paid  to  ascertain  the  real  economy  in  this  respect.     It  was 
built  of  about  the  same  capacity  as  an  old  ten  pot  furnace,  which  they 
had  had  in  use  for  several  years  previously,  heated  with  large  best  coal ; 
the  large  coal  was  found  more  economical  in  the  end  than  coal  of 
an  inferior  and  cheaper  description,  but  the  consumption  was  very 
considerable.     The  result  of  the  comparison  between  the  two  furnaces 
was  that  the  old  furnace  consumed  as  nearly  as  possible  double  the 
quantity  of  ftiel  required  in  the  regenerative  furnace,  the  average  of 
the  year  being  about  85  tons  per  week  in  the  old  and  only  16  to  17  tcms 
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per  week  in  the  new  :  bat  the  coal  now  used  in  the  new  furnace  cost 
onlj  one  third  as  much  per  ton,  being  entirely  small  coal  at  4^.  per 
ton  instead  of  large  coal  at  12«. ;  so  that  the  actual  cost  of  fuel  in  the 
new  furnace  was  reduced  to  one  sixth  of  that  in  the  old,  doing  the 
same  amount  of  work. 

This  was  a  very  important  economy  in  manufacture,  but  there  were 
also  other  prospectiye  advantages  in  the  new  furnace  to  be  taken  into 
account,  in  respect  of  durability  and  maintenance.  In  the  old  furnaces 
the  cost  and  inconvenience  of  rebuilding  were  a  serious  consideration  ; 
but  the  durability  of  the  new  furnace  seemed  likely  to  be  much 
increased  by  the  heat  being  kept  so  equable,  with  an  entire  freedom 
from  cutting  draughts  :  the  experience  of  the  twelve  months'  working  of 
their  new  furnace  was  that  tjie  wear  and  tear  were  so  trifling,  although 
a  very  high  temperature  was  maintained,  that  he  expected  it  would 
last  three  or  four  times  as  long  as  the  old  furnace,  judging  from  the 
state  of  the  edges  of  the  bricks  in  the  new  furnace,  which  were  still 
nearly  as  sharp  as  when  it  was  built.  This  increased  durability  might 
indeed  be  reasonably  anticipated,  because  no  alkaline  and  earthy 
matters  from  the  fuel  were  now  carried  into  the  furnace  but  they  were 
all  left  behind  in  the  gas  producer,  and  nothing  went  into  the  furnace 
but  gases  that  were  wholly  combustible  and  almost  entirely  free  from 
impurities.  The  flame  produced  was  so  pure  that  they  were  now  able 
to  carry  on  the  working  as  it  is  termed  of  the  glass  in  the  same 
fnmace  as  the  melting,  instead  of  in  a  separate  heating  furnace  where 
the  glass  articles  being  worked  were  protected  from  the  fuel :  this  was 
utterly  impossible  in  the  old  furnaces  heated  direct  by  coal,  because 
pure  glass  was  completely  spoiled  in  a  few  minutes  if  exposed  to  the 
flame  of  ordinary  furnaces,  and  flint  glass  could  not  be  melted  in  them 
except  in  covered  pots  to  protect  it  from  contact  with  the  flame ;  but 
in  the  new  furnace  not  more  than  5  per  cent,  of  the  articles  had  been 
injured,  and  that  was  observed  to  occur  only  occasionally  when  there 
had  been  some  irregularity  in  the  working  of  the  gas  producers  on 
account  of  their  not  having  been  correctly  managed.  The  very  uniform 
and  intense  heat  obtained  in  the  new  furnace  enabled  the  melting  to 
he  done  quicker  than  before,  improving  both  the  quantity  and  quality 
of  the  make:  a  considerable  saving  might  also  be  effected  in  the 
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proportion  of  fluxes  required  in  the  glass,  a  smaller  quantity  being 
necessary  with  the  greater  heat  obtained.  He  considered  that  for  all 
manufactures  where  a  high  temperature  was  required  to  be  coBstanily 
maintained  without  risk  of  variations  the  regenerative  gas  fnrnace 
possessed  great  advantages  and  was  deserving  of  careful  attention. 

Mr.  W.  Hadbn  enquired  whether  in  applying  the  new  furnace  for 
puddling  there  was  any  practical  difficulty  in  varying  the  intensity  of 
the  flame  in  the  puddling  chamber  to  suit  the  state  of  the  iron. 

Mr.  Siemens  replied  that  there  was  no  difficulty  in  keeping  up  an 
abundant  supply  of  gas  if  there  were  enough  gas  producers  and  if 
the  passages  to  the  furnace  were  large  enough ;  the  puddling  chamber 
could  then  be  completely  filled  with  flame  at  any  moment,  or  the 
flame  could  be  as  instantly  stopped,  by  means  of  the  regulating  valves 
and  chimney  damper.  By  having  separate  air  and  gas  valves  the 
chemical  nature  or  heating  power  of  the  flame  could  also  be  regulated 
to  any  desired  degree,  by  altering  the  proportion  of  air  admitted  with 
the  gas,  so  as  to  produce  any  required  efiect  from  a  smoky  flame  to  a 
pure  bright  flame.  In  the  furnace  for  flattening  the  cylinders  of  sheet 
glass  a  quantity  of  bright  clean  flame  was  required  for  softening  the 
glass  without  melting  it ;  but  in  the  melting  furnace  on  the  contrary 
an  intense  soaking  heat  was  wanted  with  very  little  variation :  and 
both  sorts  of  heat  were  obtained  in  the  new  furnace  from  the  same  gas 
main,  by  simply  regulating  the  quantities  of  air  and  gas  admitted. 
Of  the  puddling  furnaces  two  were  now  just  being  started  in  the 
South  Staffordshire  district,  but  about  twenty  puddling  and  heating 
furnaces  had  been  at  work  in  Germany  for  some  months  already  with 
complete  success. 

The  Chairman  asked  how  long  it  took  to  work  off  a  heat  in 
puddling  in  the  regenerative  furnace. 

Mr.  Siemens  said  they  had  not  yet  obtained  any  absolute  results 
with  the  regenerative  puddling  furnaces  in  this  country,  but  at  present 
the  time  of  working  a  heat  was  about  the  same  as  in  the  ordinary 
puddling  furnaces.  The  puddling  furnaces  working  on  this  plan  near 
Wolverhampton  were  not  yet  in  a  complete  state  for  operation  as  they 
had  been  expected  to  be  before  this  time,  on  account  of  a  defect  in  the 
chimney  flue  and  in  the  drainage  of  the  premises.     No  permanent 
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difficulty  oonld  be  anticipated  in  carrying  ont  the  new  paddling  furnace 
in  practice,  on  account  of  the  large  amount  of  experience  gained  in  the 
application  of  the  regenerative  furnace  for  other  purposes. 

Mr.  T.  W.  Plum  asked  whether  the  draught  was  obtained  by  a 
separate  chimney  to  each  furnace  as  in  ordinary  puddling  furnaces. 

Mr.  Siemens  replied  that  there  was  only  one  chinmey  to  a  number 
of  furnaces,  and  the  draught  was  simply  regulated  by  a  separate 
damper  to  each  fiimace.  The  chimney  was  not  required  to  be  lined 
with  firebrick,  but  was  built  of  red  bricks,  as  the  heat  passing 
off  from  the  puddling  chamber  was  all  arrested  in  the  regenerators  and 
the  chimney  was  always  cool.  The  chimney  damper  regulated  only 
the  force  of  draught  in  each  furnace,  but  the  quantity  and  quality 
of  flame  were  regulated  by  the  gas  valve. 

Mr.  W.  Mathews  enquired  whether  there  was  any  tendency  in 
the  regenerators  to  fur  up  with  deposit  from  the  inferior  description  of 
fael  used  for  the  furnace. 

Mr.  Siemens  replied  that  no  such  result  had  taken  place  in  the 
regenerators,  because  the  steam  mixed  with  the  gas  would  volatilise 
My  carbon  that  might  otherwise  be  deposited  on  the  walls  of  the 
regenerator  :  it  was  for  this  purpose  that  care  was  taken  to  supply  an 
excess  of  vapour  of  water  from  the  water  trough  in  the  grate  of  the 
gas  producer. 

Mr.  W.  Mathews  asked  whether  the  materials  of  the  furnace  were 
not  liable  to  vitrify  under  the  great  heat  to  which  they  were  exposed, 
and  whether  any  limit  had  been  foxmd  to  their  endurance. 

Mr.  Siemens  replied  that  a  regenerative  heating  furnace  had  been 
three  years  in  constant  work  at  Messrs.  Marriott  and  Atkinson's  steel 
works,  Sheffield,  heating  the  steel  for  the  rolling  mill,  and  no 
inconvenience  had  been  experienced  from  this  cause.  Mr.  Atkinson 
was  prevented  from  being  present  at  the  meeting  himself  as  he  had 
wished,  but  had  sent  a  letter  expressing  his  satisfaction  with  the 
furnace,  as  especially  advantageous  for  heating  steel  on  account  of 
the  unifonnity  of  the  heat  obtained  in  it.  The  glass  melting  furnace 
at  Messrs.  Lloyd  and  Summerfield's  had  also  been  in  constant  work 
for  nearly  a  year  without  sustaining  any  injury  from  the  great  heat 
emplojfed  in  it* 
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Mr.  W.  Mathbws  asked  whether  the  temperature  wis  reslly  ss 
high  as  had  been  supposed  in  the  glass  fomace ;  and  what  means  vere 
nsed  for  correctly  measuring  the  degree  of  heat. 

Mr.  SiBMBHs  said  the  temperature  in  the  furnace  was  at  least 
a  full  welding  heat  of  iron,  as  a  bar  of  iron  held  in  it  dropped  melted 
in  half  a  minute ;  the  hot  end  of  the  regenerator  had  a  temperature  of 
about  3000^  Fahr.,  and  the  heat  in  the  furnace  must  of  coarse  be 
greater.  For  measuring  such  high  temperatures  he  made  use  of 
the  pyrometer  described  at  a  previous  meeting  (Proceedings  Inst 
M.  E.,  1860,  page  59),  consisting  of  a  well  protected  vessel  containing 
a  measured  quantity  of  water,  and  a  piece  of  copper  or  platinum  of 
definite  size,  which  was  exposed  for  a  sufficient  length  of  time  to  the 
heat  to  be  measured  and  was  then  dropped  into  the  water ;  the  rise  of 
temperature  produced  in  the  water  showed  the  degree  of  heat  upon  a 
thermometer  scale  graduated  in  the  proper  proportion,  and  the  resolts 
thus  obtained  must  certainly  be  correct  within  10^  or  15^  Fahr. 

The  Chaibhan  enquired  what  were  the  results  of  working  of  the 
regenerative  furnace  at  Messrs.  Russell's  tube  works  at  Wednesbmy. 

Mr.  B.  L.  Brown  said  they  had  had  one  regenerative  funiaoe  at 
work  for  three  months  at  their  works  as  a  heating  furnace  for  bending 
the  wrought  iron  strips  for  the  tubes,  and  it  had  given  complete 
satisfaction :  the  temperature  was  kept  up  constantly  with  great 
regularity,  and  there  was  no  fear  of  the  iron  being  unequally  heated 
in  different  parts  of  the  furnace  or  being  injured  by  any  impurities  in 
the  fuel.  Another  furnace  on  the  same  principle  for  Welding  the  tabes 
had  now  been  added  at  their  works,  but  it  had  been  in  full  operation 
for  only  about  three  weeks,  and  a  definite  statement  of  the  resnlts 
could  not  therefore  be  given ;  but  up  to  the  present  time  it  had  also 
proved  thoroughly  successful. 

Mr.  S.  H.  Blagkwbll  had  seen  the  regenerative  furnaces  at 
Messrs.  Chance's  and  Messrs.  Lloyd  and  Summerfield's  glass  woiks, 
and  was  exceedingly  pleased  with  their  operation.  It  would  be 
premature  to  say  much  about  puddling  with  the  new  furnace  till  it  had 
been  longer  at  work  and  afforded  definite  results ;  but  he  certainly 
thought  there  were  some  points  about  it  which  would  be  of  the  greatest 
benefit  in  puddling,  particularly  the  saving  of  fuel  by  recovering  all 


REOBNBRATIVB    OAS   FURNACE .  43 

the  wAste  heat  passing  ofif  from  the  puddling  chamber,  and  the  very 
efficient  heat  obtained  for  working  the  iron.  Also  the  peculiar 
balancing  of  pressure  for  ensuring  always  a  slight  excess  of  pressure 
inside  the  furnace  was  an  improvement  of  great  value,  preventing  the 
cntting  draughts  that  took  place  in  ordinary  furnaces  through  the 
paddling  door  and  other  openings,  which  caused  a  serious  waste  of  the 
iron  by  oxidation.  He  had  not  yet  had  an  opportunity  of  seeing  the 
new  puddling  furnace  at  work,  but  had  heard  that  one  had  been 
at  work  already  about  a  month  in  the  neighbourhood. 

Mr.  Siemens  said  that  was  the  case,  but  the  works  happened  to  be 
just  now  stopped  by  the  water  being  out  of  the  canal ;  he  understood 
however  they  were  already  starting  to  work  again  immediately. 

Mr.  8.  H.  Blackwell  asked  whether  any  results  had  been  obtained 
AS  to  the  yield  of  iron  in  puddling  with  the  new  furnace. 

Mr.  Siemens  replied  that  rather  larger  yields  were  obtained  with 
the  regenerative  puddling  furnace,  but  it  had  not  been  long  enough  at 
work  yet  to  give  any  definite  results.  The  puddling  furnaces  at  work 
in  Germany  however  showed  at  least  4  or  5  per  cent,  increase  in  the 
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jield  of  iron,  and  this  result  was  indeed  to  be  expected,  because  the 
new  furnace  was  free  from  the  cutting  action  of  the  flame  produced  by 
a  strong  draught,  and  the  ball  was  surrounded  on  all  sides  by  an 
ef^nally  hot  flame. 

Mr.  G.  Thomson  enquired  what  was  the  cost  of  applying  the 
regenerative  system  to  present  puddling  furnaces. 

Mr.  Siemens  replied  that  the  alteration  of  present  furnaces  would 
be  attended  with  a  considerable  expense,  as  there  was  all  the  extra 
bottom  brickwork  of  the  regenerators,  besides  the  separate  gas  producers 
and  the  valves  and  mains  ;  but  the  separate  chinmeys  for  each  furnace 
were  saved,  and  the  cost  of  maintenance  was  greatly  reduced,  judging 
from  the  condition  of  the  glass  furnaces  that  had  been  twelve  months 
at  work.  In  new  works  however  the  cost  of  construction  of  the 
regenerative  puddling  furnaces  would  not  much  exceed  the  total  cost  of 
the  present  furnaces  complete ;  and  the  new  furnaces  had  the  advantage 
of  occupying  only  their  own  space,  without  requiring  room  for  a  coal 
pen  to  each  furnace;  they  could  thus  be  built  closer  together  and 
consequently  more  could  be  brought  within  reach  of  one  hammer. 
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The  Chaibman  enquired  whether  the  pig  iron  wm  heated  before 
being  put  into  the  pnddling  famace. 

Mr.  Siemens  said  it  was  not  heated,  bat  pnt  in  cold. 

The  Chaibman  enquired  what  was  the  cost  of  the  new  paddling 
famace,  taking  that  of  an  ordinary  famace  at  about  £150. 

Mr.  Siemens  thought  a  pair  of  the  new  puddling  furnaces  would 
cost  about  £300  complete.  The  regeneratiye  glass  furnaces  hitherto 
erected  had  been  very  expensive  in  constraction,  haying  heayy  iron 
plates  in  the  sieges  and  a  great  deal  of  ironwork  in  the  fittings  of 
the  furnace  and  in  the  gas  producers,  much  of  which  had  been  greatly 
reduced  or  dispensed  with  in  the  furnaces  subsequently  put  up.  hi 
starting  the  new  plan  of  furnace  he  had  thought  it  best  to  keep  all 
the  work  yery  substantial,  to  be  on  the  safe  side  for  strength  and 
durability ;  and  the  gas  producers  had  also  been  provided  each  with  a 
separate  gas  tube  and  yalve,  so  that  each  could  be  shut  off  from  the 
furnace  if  desired,  to  avoid  risk  of  the  furnace  being  interfered  with 
in  its  working  by  a  defect  at  any  particular  point. 

Mr.  J.  T.  Change  observed  that  one  other  circumstance  that  ongbt 
to  be  mentioned  about  the  regenerative  furnace  was  the  complete 
absence  of  smoke,  which  was  a  considerable  advantage  in  its  favour: 
excepting  at  distant  intervals  when  the  tar  was  being  burnt  out  from 
the  gas  mains,  there  was  really  no  smoke  at  all  from  the  chimney,  Uie 
combustion'  of  the  gases  in  the  famace  being  perfect.  In  large  towns 
freedom  from  smoke  was  so  great  an  advantage  that  this  of  itself 
would  be  a  sufficient  reason  for  adopting  the  regenerative  furnace,  even 
if  in  other  respects  it  were  only  as  good  as  ordinary  furnaces,  instead 
of  being  as  he  had  found  it  so  much  superior  to  them. 

Mr.  E.  A.  CowFER  thought  the  application  of  the  new  furnace  id 
ironworks  as  a  mill  famace  would  be  attended  with  great  advantages 
and  would  not  involve  any  serious  difficulty.  It  would  be  particolarlj 
advantageous  for  large  work,  such  as  heavy  shafts  of  very  large 
diameter,  as  it  would  afford  the  means  of  getting  a  soaking  heat 
through  to  the  centre  of  the  mass,  without  any  fear  of  injuring  the 
iron  by  burning,  since  there  was  no  free  oxygen  present  in  the  furnace, 
as  the  whole  of  it  was  completely  bamt  at  the  moment  of  entering 
the  fumace. 
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The  CuAtBMAS  obseryed  that  the  subject  of  the  paper  was  one  of 
great  interest  and  importance,  and  moYcd  a  vote  of  thanks  to  Mr. 
Siemens  for  his  paper,  which  was  passed. 


After   tehe  Meeting  a  nmnber  of  the  Members  dined  together  in 
celebration  of  the  Fifteenth  Anniyersaiy  of  the  Institution. 
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PfiOCBEDINGS. 


24  April,  1862. 


The  General  Mbbtino  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
24th  April,  1862  ;  Albxandbb  B.  Goohranb,  Esq.,  Vice-President, 
in  the  Chair. 

The  Mintites  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 


MBMBBRS. 

Thomas  Bough, 
William  Carpmabl, 
James  Clark, 
Samttbl  H.  F.  Cox,  . 

SaMUBL  HiNOLET,  . 

J.  O.  Frank  Lbb, 

Wilson  Llotd, 

Richard  Christopher  Mansbll, 

Frbdbriok  Thorpb  Mapfin, 

Edward  Rbtnolds,   . 

William  Simpson, 

John  Taylor,  Jttn., 

Charles  Troward, 

Alfred  Upward, 

JOSIAH   YaVASSEUR, 

Francis  William  Webb, 
Henrt  Arthur  Webb, 
Charles  Wells, 


Edinburgh. 

London. 

Leeds. 

Birmingham. 

Dudley. 

London. 

Wednesbury. 

Ashford. 

Sheffield. 

London. 

London. 

London. 

Doncaster. 

London. 

London. 

Crewe. 

Stourbridge. 

Bilston. 


The  following  paper  was  then  read  : — 
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ON  THE   CONSTRUCTION   OP    LIGHTING  APPARATUS 

FOR  LIGHTHOUSES. 


Br  Mb.  ABMAND  MASSBLIN,  of  Bibhinoham. 


The  subject  of  Dioptric  Lighthouse  Apparatus  is  intimately 
connected  with  that  of  a  paper  read  at  a  former  meeting  of  tlie 
Institution,  namely,  iron  lighthouse  towers  (see  Proceedings  Inst 
M.  E.,  1861,  page  15);  and  the  construction  of  the  optical  part  of 
this  apparatus  is  of  considerable  mechanical  interest. 

The  construction  and  illumination  of  lighthouses  constitute  one  of 
the  most  important  of  public  undertakings  at  the  present  day.     The 
development  however  of  the  comparative  perfection  now  attained  in 
these  two  departments  has  been  gradual  and  unequal.     During  the 
century  that  has   elapsed   since  the   erection  by   Smeaton   of  the 
Eddystone  lighthouse,  when  engineering  was  greatly  in  advance  of 
practical    optics,    the    art    of    building    towers    has    received   few 
improvements,  while   the   apparatus   for  illuminating   them  has  by 
the  introduction  of  the  dioptric  system  acquired  a  striking  degree  of 
excellence.     During  nearly  the  whole  of  the  last  century  and  in  some 
places  as  late  as  1816,  open  coal  fires,  improved  occasionally  by  a  fiat 
brass  plate  placed  on  the  land  side,  were  the  rude  means  usually 
resorted  to  for  producing  light.     Tlie  Eddystone  tower  had  a  lantern 
to  protect  the  weak  light  given  out  by  the  few  miserable  tallow 
candles  which  were  then  used,  and  only  in  1807  were  these  replaced 
by  lights  furnished  with  silver-plated  parabolic  reflectors.    Distinction 
of  one  light  from  another  by  its  appearance  at  night,  a  point  nearly 
as  important  as  the  range  of  the  light,  was  of  course  out  of  the 
question. 

Lights  on  the  catoptric  or  reflecting  system,  composed  of  silver- 
plated  parabolic   reflectors  provided   with  plain  cylindrical   burners 
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placed  in  the  focns  of  each,  were  used  exclusively  until  1822,  when 
Augustin  Fjesnel  invented  and  erected  on  the  Cordovan  tower  his  first 
dioptric  or  refracting  light.  The  catoptric  or  reflecting  system  was, 
in  comparison  with  the  imperfect  means  previoiisly  available,  a 
valuable  improvement,  and  under  later  modifications  is  still  in 
extensive  use  in  this  country ;  but  having  many  serious  imperfections 
it  is  gradually  disappearing  before  the  dioptric  or  refracting 
system. 

The  latest  optical  and  mechanical  improvements  in  the  dioptric 
system  are  illustrated  by  the  fixed  light  of  the  Smalls  Eock  near 
Milford  Haven,  and  the  revolving  light  of  Lundy  Island,  both 
constructed  by  Messrs.  Chance,  and  the  latter  attested  by  mariners  as 
the  most  powerful  light  in  Great  Britain,  flashing  over  85  miles  of 
the  Atlantic.  In  the  present  paper  it  is  intended  only  to  notice 
briefly  the  existing  state  of  reflecting  and  refracting  apparatus  and 
the  relative  merits  of  each,  before  giving  the  particulars  of  their 
mechanical  construction. 

In  the  Dioptric  or  refracting  system,  only  one  lamp  is  used,  placed 
in  the  vertical  axis  of  the  apparatus.  In  fixed  lights,  as  shown  in 
Fig.  1,  Plate  Id,  the  middle  or  dioptric  part  having  the  lamp  in  its 
centre  is  cylindrical,  and  composed  of  a  series  of  refracting  rings  or 
lenses  A  A,  shown  black,  which  are  so  shaped  as  to  give  a  horizontal 
direction  to  all  the  rays  of  light  that  fall  from  the  lamp  upon  their  inner 
faces.  All  the  rays  of  light  passing  above  and  below  these  middle 
lenses  are  received  by  the  upper  and  lower  catadioptric  prisms  BB, 
shown  black,  by  which  they  are  also  transmitted  horizontally  after 
refraction  and  total  reflection  in  the  prisms.  Every  piece  of  glass  in 
the  apparatus  forms  a  portion  of  a  horizontal  ring  or  belt,  having  its 
centre  in  the  vertical  axis  of  the  apparatus,  as  shown  in  the  plan, 
Fig.  8,  Plate  15.  The  rays  of  light  given  out  by  the  lamp  are  thus 
collected  and  transmitted  equally  over  the  horizon,  and  the  light  is 
rendered  luminous  throughout  its  entire  height.  The  glass  prisms 
are  fixed  in  eight  gun-metal  standards,  forming  an  octagonal  frame, 
each  prism  being  supported  in  the  centre  by  passing  through  an 
intermediate  standard,  as  shown  in  the  plan,  Fig.  3. 
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In  revolving  lights,  as  sho'wn  in  Fig.  2,  Plate  14,  the  transvene 
section  of  the  refracting  lenses  A  and  prisms  £  is  precisely  the  same 
as  in  fixed  lights :    but  in  revolving  lights  the  rings  of  glass  are 
concentric  round  a  horizontal  axis  passing  through  the  brightest  ptrt 
of  the  flame,  as  shown  hj  the  dotted  lines  in  Fig.   2,  instead  of 
round  the  vertical  axis.     The  circumference  is   divided  into  eight 
flat  fSaces,  as  shown  in  the  plan,  Fig.  4,  Plate  15,  each  composed 
of  a  series  of  prismatic  rings   and   segments  having   one  common 
focus ;  the  light  emanating  from  the  lamp  is  thus  transmitted  bj 
each  face  in  a  brilliant  flash  extending  over  the  whole  width  and 
height  of  the  face ;  and  the  whole  apparatus  being  made  to  revolve  by 
clockwork,  every  point  of  the  horizon  is  illuminated  by  a  succession  of 
brilliant  flashes  corresponding  to  the  several  faces,  and  at  intervals  of 
timQ  determined  by  the  speed  of  revolution.     By  the  use  of  fixed  and 
revolving  lights  or  combinations  of  them  in  various  ways,  Hghts  of 
distinct  appearance   are  produced    in   a  number  sufficient    for  all 
purposes  that  are  required  in  practice. 

Dioptric  lights  are  made  of  six  different  sizes  or  ''orders"  as 
they  are  termed ;  and  the  following  table  gives  the  internal  radius  of 
the  apparatus  or  the  focal  distance  in  each  order,  the  number  of  iricks 
in  the  lamp,  and  the  consumption  of  oil  in  lbs.  per  hour,  and  in  gallons 
per  year,  assuming  the  light  to  bum  11  hours  per  night  on  an  average 
throughout  the  year. 

Orders  of  Dioptric  Lights. 


Order. 

Internal  radios 
of  light 

Number 
of  Wicks. 

ConsiuDpt 
Lbs.  per  how. 

ion  of  Oil. 

1 
Gallons  per  yetr.    i 

First  

Inches. 

36-22 

27-65 

19-68 

9-84 

7-28 

6-90 

4 
8 
2 
2 
1 
1 

Lbs. 
1-65 
1-10 
0*41 
0-26 
0-17 
0-17 

Galku. 
736 

Second  

Third 

490 
130 

Fourth  

Fifth  

116 
76 

Sixth 

76 
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The  three  largest  orders  are  generally  termed  sea  lights,  and  the  three 
smaller  ones  harbonr  lights.  The  first  order  as  the  most  important 
will  alone  be  referred  to  in  this  paper,  the  others  differing  merely  in 
size  and  number  of  prisms  and  lenses. 

In  the  Catoptric  or  reflecting  system  a  number  of  parabolic 
reflectors  are  used,  ranged  round  a  framework  according  to  the  purpose 
required,  with  a  lamp  in  the  focus  of  each  reflector.  In  a  fixed  light 
fliese  reflectors,  frequently  as  many  as  24  or  80  in  number,  are 
arranged  round  the  irame  so  as  to  equalise  the  light  as  much  as 
possible  in  all  directions.  In  revolying  lights  the  reflectors  are 
mounted  on  a  reyolving  frame,  having  generally  three  faces,  each  of 
which  carries  an  equal  number  of  reflectors*  Three  flashes  of  light 
are  thus  produced,  which  illuminate  successively  every  point  of  the 
horizon  at  intervals  regulated  by  the  speed  of  revolution.  The  loss  of 
light  in  this  system  is  necessarily  very  large :  indeed  nearly  the  whole 
of  the  light  from  the  front  of  the  flame  is  directly  lost  by  natural 
direigence,  the  reflectors  transmitting  to  the  horizon  only  the  rays 
emanating  from  the  back  of  the  flame,  and  of  this  light  nearly 
50  per  cent,  is  lost  by  the  absorption  that  always  takes  place  in 
reflection  by  metallic  surfaces. 

Comparing  the  two  systems  together,  it  is  evident  that  for  fixed 
lights  no  possible  combination  of  reflectors  can  distribute  a  zone  of 
light  of  equal  intensity  round  the  horizon,  whilst  this  effect  is 
Gompletely  obtained  by  the  dioptric  system.  It  is  found  that  whilst 
only  3|  per  cent,  of  a  plain  open  light  would  be  available  round  the 
entire  horizon,  17  per  cent,  is  obtained  by  the  use  of  the  best  reflectors, 
hut  83  per  cent,  is  obtained  by  the  use  of  the  dioptric  lights.  The 
extreme  divergence  of  the  rays  of  light  from  a  usual  21  inch  reflector 
with  a  1  inch  flame  is  about  14  degrees ;  but  the  variation  of  the  intensity 
of  the  flash  emitted  over  this  angle  is  very  large  indeed,  the  intensity  of 
the  light  being  only  16  per  cent,  on  the  sides  of  what  it  is  in  the  axis 
of  the  flash,  showing  how  great  is  the  irregularity  of  the  light  spread 
over  the  horizon.  Also  the  numerous  fastenings  of  the  reflectors  and 
lamps  frequently  get  loosened,  increasing  greatly  the  irregularity  of 
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the  light.  Nor  is  the  whole  amonnt  of  divergence  taken  yertically 
nseful ;  for,  as  will  be  shown  afterwards,  the  lower  portion  of  the 
yertical  divergence  required  to  illuminate  the  sea  between  the  horizon 
and  the  land  is  but  a  very  small  amount.  In  uniformity  of  light 
therefore  throughout  the  horizon  illuminated  the  dioptric  system  is 
very  greatly  superior  to  the  reflecting  for  fixed  lights.  With  re^rd  to 
economy  of  oil,  fifteen  reflector  lamps  together  consume  as  much  oil 
as  the  one  central  lamp  in  the  dioptric  light,  and  the  saviug  therefore 
amounts  to  50  per  cent,  in  favour  of  the  latter  compared  with  » 
reflecting  light  of  the  largest  practicable  size,  having  thirty  lamps, 
but  greatly  inferior  in  illuminating  power  to  the  dioptric  light. 

Another  very  important  consideration  is  the  durability  of  the 
apparatus.  The  longest  time  that  reflectors  will  last,  even  when 
treated  with  the  greatest  care,  is  from  25  to  30  years;  their  thin 
silver  coating  will  have  completely  disappeared  at  the  end  of  Ihat 
time.  With  moderate  care  and  no  necessity  for  readjustment  dioptric 
lights  may  be  considered  as  imperishable  ;  the  lenses  and  prisms  never 
lose  their  correct  form  and  first  polish,  never  require  renewal,  and  are 
kept  always  equally  efficient  with  a  far  less  amount  of  daily  labour  than 
that  required  for  reflectors.  The  number  of  attendants  or  keepers 
required  is  the  same  in  both  cases,  and  the  first  outlay  may  he 
considered  as  generally  equal. 

For  revolving  lights  however  the  catoptric  system  presents  fewer 
points  of  inferiority  as  compared  with  the  dioptric  ;  for  by  sufficiently 
increasing  the  number  of  lamps  and  reflectors  on  each  face  of  the 
revolving  frame,  a  light  of  equal  intensity  to  the  dioptric  might  be 
produced.  The  illuminating  power,  consumption  of  oil,  durability, 
and  original  outlay  will  therefore  be  the  chief  considerations  to 
determine  the  relative  advantages  of  the  two  systems  for  revolring 
lights.  The  efifect  of  only  one  of  the  eight  faces  composed  of  annular 
lenses  in  a  first  order  dioptric  light  is  equal  to  that  of  eight  of  the 
largest  reflectors  in  use,  21  inches  in  diameter ;  and  consequentlj  to 
produce  by  reflectors  the  eflect  of  the  best  dioptric  light  a  lantern 
would  have  to  be  provided  capable  of  accommodating  from  56  to  72 
reflectors,  an  arrangement  all  but  impracticable.  Moreover  at  the 
time  when  most  of  the  experiments  were  made  both  in  this  coantry 
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and  abroad  for  comparing  the  intensity  of  revolving  dioptric  and 
reflecting  lights,  the  dioptric  lights  were  composed  merely  of  the 
central  or  singly  refracting  part  AA,  Fig.  2,  Plate  14.  But  in  the 
present  holophotal  system,  in  which  the  npper  and  lower  reflecting 
prisms  BB  are  made  to  continue  and  extend  the  action  of  the  central 
refracting  lenses  A  A  as  already  described,  the  intensity  of  the  dioptric 
lights  has  been  nearly  doubled  and  the  comparison  rendered  so  much 
more  unfavourable  to  the  reflecting  system. 

The  only  objection  which  has  been  seriously  urged  against  the 
dioptric  system  is  the  use  of  only  a  single  central  lamp,  on  account  of 
any  difficulty  in  its  management  affecting  the  whole  light,  or  danger 
of  its  sudden  extinction.  This  is  met  however  by  the  successful 
experience  of  forty  years  with  an  immense  number  of  lights  in 
different  parts  of  the  world.  Hardly  ever  has  such  a  case  occurred  ; 
and  as  spare  burners  are  invariably  supplied  and  required  to  be  always 
kept  ready  for  use,  a  few  minutes  only  would  suffice  to  remove  the 
defective  burner  and  replace  it  by  another. 

The  Lamp  necessarily  forms  a  very  important  part  of  the  lighthouse 

apparatus,  in  the  efficiency  of  which  it  is  an  essential  element.     The 

lamps  generally  used  in  the  larger  dioptric  lights  are  of  the  class  known 

as  mechanical  lamps,  in  which  the  oil  is  forced  from  a  reservoir  into  the 

bnrner  by  means  of  a  pump  worked  by  clockwork  driven  by  a  weight. 

Although  this  construction  of  lamp  is  simple  enough,  it  requires  that 

the  keepers  should  be  trained  to  its  use  and  should  have  a  thorough 

knowledge  of  the  way  of  taking  it  to  pieces  for  cleaning  and  then 

putting  it  together  again, 'before  they  are  sent  to  their  respective 

lighthouses.     As  this  precaution  was  not  at  first  universally  adopted 

in  lighthouses,  complaints  were  made  against  the  mechanical  lamp ; 

and  in  consequence  lamps  of  the  simplest  possible  construction  but 

inefficient  in  action  came  into  use  in  this  country,  consisting  simply  of 

a  side  reservoir  communicating  by  a  tube  with  the  burner,  the  level 

of  oil  in  both  being  the  same.     The  consequent  absence  of  overflow 

prevented  a  high  flame  from  being  obtained  and  greatly  impaired  the 

efficiency  of    the   light,   which   doubtless  considerably  retarded  the 

Adoption  of  the  dioptric  system.     Pressure  lamps  were  also  made  more 
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lately,    consisting   of  a  large  cylindrical  oil  reservoir  containing  a 
piston  fitted  with   a  cupped-leather  packing,   the    pressure  being 
obtained  by  a  number  of  small  weights  arranged  ronnd  the  piston, 
whereby  the   oil  was  forced  through  a  side  tnbe  into  the  bomer. 
These  lamps  however  presented  many  inconveniences  :    the  preBsare 
could  not  conveniently  be  varied,  since  the  addition  of  one  weight 
tended  to  cant  the  piston  out  of  its  horizontal  position  and  allow  the 
oil  to  escape  at  the  opposite  side.     The  cylinder  being  made  only  of 
sheet  brass  and   therefore  not  perfectly  cylindrical,   a  oonsidenble 
difference  of  diameter  between  the  piston  and  cylinder  was  required ; 
and  when  the  oil  became  rather  warm,  the  leather  got  so  sofb  that  it 
was  liable  to  turn  over  and  render  the  lamp  useless.     The  {Mston 
being  entirely  submerged  lost  a  portion  of  its  weight ;  and  whenever 
the  pressure  had  to  be  varied,  the  weights  taken  out  were  covered 
vrith  oil,  and  there  was  a  great  waste  by  the  oil  being  spilled :  thoe 
was  also  a  liability  to  leakage  from  the  body  of  the  lamp  being  made 
of  several  parts  soldered  together. 

The  conditions  the  lamps  are  required  to  fulfil  are : — a  constant 
and  even  supply  of  oil  to  the  burner,  equal  to  fully  fonr  times  the 
consumption ;  simplicity  of  construction,  so  that  any  unskilled 
mechanic  can  take  the  lamp  to  pieces  and  put  it  together  again; 
freedom  from  liability  to  derangement ;  and  an  accurate  fit  of  the 
various  parts,  so  that  all  duplicate  parts  will  fit  equally  well. 

To  meet  these  requirements  the  writer  designed  the  construction 
of  lamp  shown  in  Fig.  5,  Plate  16,  which  has  fully  answered  the 
purpose.  The  brass  cylinder  G,  containing  the  oil  for  the  lamp, 
is  cast  solid  in  *  one  piece  with  the  bottom,  and  bored  out  traly 
cylindrical,  and  is  fitted  with  a  turned  piston  D  having  a  cnpped- 
leather  packing;  the  three  piston  rods  are  connected  at  top  to  a 
wrought  iron  ring  E,  Fig.  6,  to  which  are  attached  the  side  rods 
passing  down  outside  the  cylinder  to  the  wrought  iron  ring  below, 
which  carries  the  weight  F.  The  piston  is  steadied  against  any 
small  lateral  oscillation  by  six  leather  guides  G  fixed  round  its 
circumference ;  and  any  air  underneath  is  let  out  through  the  centre 
vent  cock  H.  The  oil  is  forced  out  at  the  bottom  of  the  cylinder 
through  the  upright  tube  I  leading  to  the  burner  J,  the  quantity 
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being  iccarately  adjnsted  by  a  conical  regulating  valve  K,  having 
an  index  on  the  screwed  handle  which  shows  the  quantity  of  oil 
supplied  to  the  burner  per  minute  or  per  hour.  When  the  piston 
has  descended  to  the  bottom  of  the  cylinder,  it  is  wound  up  again  by 
the  rack  and  pinion  L,  Fig.  7,  underneath  the  cylinder ;  and  the  oil  is 
prevented  from  being  drawn  down  from  the  burner  by  a  check  valve 
consisting  of  a  small  ball  M  situated  in  the  feed  pipe  I.  The  burner 
remains  therefore  constantly  fully  supplied  with  oil;  and  the  time 
oceapied  by  winding  up  the  weight  being  only  a  few  seconds,  the 
overflow  of  oil  is  not  even  visibly  affected.  As  impurities  from  the 
charring  of  the  wicks,  and  especially  a  quantity  of  flue  or  dust  from 
the  cotton  wicks,  are  constantly  brought  into  the  cylinder  by  the 
overflow  oil  and  afterwards  drawn  under  the  piston,  these  would  find 
their  way  up  through  the  feed  tube  I  into  the  burner  J,  which  would 
cause  a  stoppage  of  the  supply  of  oil  to  the  wicks.  To  prevent  this,  a 
fine  wire  sieve  N  is  placed  in  a  box  in  the  feed  tube  I,  which  arrests 
any  impurities  in  the  oil  and  can  be  opened  and  cleaned  out  occasionally 
in  the  day  time  when  required.  Should  the  sieve  get  stopped  up 
during  the  night  while  the  lamp  is  burning,  it  can  be  changed  in  less 
than  a  minute,  which  does  not  interfere  with  the  working  of  the  lamp. 
Each  wick  is  provided  with  two  oil  tubes,  whereby  a  constant  supply 
of  oil  to  each  wick  is  obtained,  instead  of  all  the  wicks  being  fed  by  a 
single  exterior  tube,  as  in  the  previous  lamps. 

In  order  to  produce  a  proper  illumination  of  the  horizon  by  this 
light,  it  is  essential  that  the  full  height  of  flame  should  be  kept  up, 
maintaining  the  flame  correctly  in  the  focus  of  the  apparatus,  without 
which  the  best  optical  apparatus  would  be  imperfect  in  action.  For 
this  purpose  the  overflow  of  oil  must  never  be  less  than  three  or  four 
times  the  actual  consumption ;  otherwise  the  wicks  will  bum  down  to 
the  edge  of  the  burner,  and  the  intense  heat  produced  would  very  soon 
destroy  the  burner  itself.  Moreover  when  the  supply  of  oil  is  too 
small,  the  heat  of  the  flame  has  time  to  act  on  the  small  overflow,  and 
considerably  deteriorates  the  quality  of  the  oil;  and  the  overflow  being 
all  returned  into  the  reservoir,  the  quantity  of  deteriorated  oil  in  the 
reservoir  increases  until  it  is  impossible  to  maintain  a  good  flame. 
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The  proper  shape,   diameter,  and  position  of  the  shoulder  or 
contraction  0,  Fig.  5,  in  the  glass  chimnej  used  for  the  lamp  is  of 
special  importance,  since  this  has  'a  direct  inflaence  upon  the  shape 
and  height  of  the  flame  and  conseqaentlj  npon  the  intensity  of  the 
light  produced.      Too  sadden  a  contraction  of  the  glass  causes  the 
flame  to  be  reduced  in  height,  especially  that  of  the  outer  wick; 
and  no  efficient  flame  can  be  obtained  unless  all  the  wicks  give  a 
flame  of  equal  height.     Too  large  or  too  high  a  shoulder  of  the  glass 
prevents  a  rapid  combustion,  and  consequentlj  prevents  a  bright  flame 
i^om  being  obtained,  and  a  long  flickering  one  is  the  result.    An 
adjustable  damper  is  placed  over  the  glass  ;  and  above  this  a  continuous 
pipe  of  about  6  feet  in  length  from  the  burner  is  required  to  produce 
a  sufficiently  rapid  draught  to  support  the  combustion.     When  the 
lamp  is  lighted  at  first,  the  wicks  are  kept  low  for  some  time  and 
gradually  made  to  rise  for  about  twentj  minutes,  until  tbej  rise  about 
4  inch  to  J  inch  above  the  burner ;  then  bj  a  slight  adjustment  of  the 
wicks  to  obtain  equal  height  of  flame,    and  the  occasional  shutting 
or  opening  of  the  damper  P,  Figs.  1  and  2,  a  most  intensely  bright 
and  high  flame  is  obtained  and  kept  up  during  the  whole  of  the  night 
The  diameter  of  the  burner  and  flame  of  a  flrst  order  lamp  is  3}  inches, 
and  with  proper  management  the  flame  is  kept  up  constantly  to  a 
nearlj  uniform  height  of  4  inches. 

The  oil  used  in  lamps  for  lighthouses  is  the  refined  colsa  oil 
or  rape-seed  oil,* which  is  the  only  oil  fit  for  the  purpose  and  is  mudi 
superior  to  the  sperm  oil  formerly  used,  and  is  also  cheaper.  It  buns 
with  a  brighter  flame  and  does  not  cause  so  much  deposit  on  the 
wicks,  which  therefore  bum  much  longer  without  requiring  to  be 
trinuned.  It  also  requires  far  more  intense  cold  to  thicken  it  than 
other  oils,  and  there  is  therefore  much  less  need  for  the  small  auxiliary 
irost  lamp  used  in  frosty  weather  for  warming  the  oil  in  the  main 
lamp.  The  thickness  of  the  wicks  is  another  point  to  be  attended  to, 
as  a  thin  wick  gives  a  brighter  flame  than  a  thick  one  under  the  same 
circumstances.  When  a  lamp  is  in  proper  condition,  supplied  with 
proper  materials,  and  in  the  hands  of  a  moderately  careful  attendant, 
the  flame  can  be  kept  up  for  fully  seventeen  hours  to  its  full  sise, 
untouched,  without  requiring  to  have  the  wicks  trinmied.   The  quantity 
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of  oil  ooDSumed  in  a  dioptric  light  during  a  giyen  period  is  thus  to  a 
certain  extent  a  test  of  the  efficiency  of  the  light,  as  it  indicates  the 
height  of  flame  kept  np  during  that  time. 

The  construction  of  the  apparatus  for  producing  the  reyolution  in 
revolving  lights  is  shown  in  Fig.  2,  Plate  14,  which  represents  a 
revolving  light  recently  constructed  bj  Messrs.  Chance  for  Russia. 

The  revolving  platform  D  carrying  the  optical  apparatus  is  mounted 
on  a  large  cast  iron  pedestal  E,  within  which  is  placed  the  clock- 
work 0  for  producing  the  revolving  motion.  The  revolving  platform  D 
18  carried  on  twelve  gun-metal  rollers  HH,  centered  on  a  live  roller 
fame  I,  running  round  a  fixed  centre  shaft  J  on  the  top  of  the 
pedestal.  The  roller  paths  on  the  top  of  the  pedestal  E  and  the 
underside  of  the  revolving  platform  D  are  of  steel ;  and  the  rollers  H 
are  fitted  on  their  spindles  with  washers  of  different  thickness,  to  allow 
of  slightly  varying  their  positions  from  time  to  time,  in  order  to  avoid 
grooring  the  paths  by  running  constantly  in  one  line.  The  driving 
motion  is  communicated  from  the  clockwork  Q  by  a  pinion  gearing 
into  an  internal  toothed  wheel  K  on  the  underside  of  the  platform  D. 
Formerly  a  simple  spur  wheel  worked  by  the  pinion  was  used,  but  it 
was  found  that  the  motion  was  never  steady  enough  in  this  mode 
of  driving,  on  account  of  the  small  number  of  teeth  in  contact  and  the 
iNusklash  between  them:  but  with  an  internal  wheel  the  number  of 
teeth  in  gear  at  a  time  is  much  greater,  and  the  motion  is  rendered 
much  more  smooth  and  regular.  The  clockwork  G  is  driven  by  a 
heavy  weight,  and  the  speed  is  regulated  by  a  pair  of  flies  on  the 
flywheel  L,  which  are  adjusted  to  the  proper  angle  for  controlling  the 
motion  to  the  required  speed.  The  whole  of  this  improved  arrangement 
of  clockwork  and  pedestal  was  devised  by  Messrs.  Stevenson  of 
Edinburgh  for  the  service  of  the  Northern  Lights,  where  its  constant  use 
for  many  years  has  proved  its  great  superiority  over  the  arrangements 
adopted  in  all  other  revolving  lights. 

The  optical  apparatus  itself  is  of  an  octagonal  shape,  as  shown 
in  the  plan,  Fig.  4,  Plate  15,  and  the  frame  is  constructed  entirely 
of  gnn -metal.  The  catadioptric  prisms  BB  composing  the  upper  and 
lower  portions  of  the  light  are  fixed  in  the  eight  gun-metal  standards 
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of  the  frime;   but  the  lenses  A  fonoing  the  oentnl  portkn  are 
carried  in  separate  frames,  bolted  to  the  standards,  with  a  al^t 
clearance  left  at  the  top,  to  prevent  the  risk  of  any  weight  coming  on 
the  rings  of  glass  forming  the  lenses,  which  being  in  close  contact 
with  one  another  would  give  way  mider  tiie  least  pressure.    At  the 
bottom  the  prisms  B  are  omitted  in  one  side  to  allow  of  access  to  the 
lamp  0,  which  is  erected  npon  a  stand  on  the  service  table,  as  shown 
in  Figs.  1  and  2.     A  copper  ventilating  tnbe  M  extends  np  above 
the  lamp  into  the  neck  of  the  cowl.  Fig.  8,  Plate  17,  on  the  plan 
introduced  into  tiie  lighthonse  service  by  Professor  Faraday.    The 
inverted  funnels  N  placed  at  different  levels  in  the  ventilating  tnbe 
afford  a  free  escape  to  any  accidental  downward  gust  of  wind,  and  thns 
prevent  any  risk  of  the  lamp  being  blown  out ;  and  it  is  found  bj 
experience  that  the  wind  may  blow  in  suddenly  at  the  cowl,  but  the 
effect  never  reaches  the  lamp.     The  draught  of  the  heated  air  in  the 
tube  M  also  draws  off  through  the  funnels  a  quantity  of  the  air  of 
the  lightroom,  thereby  preventing  condensation  of  the  moist  air  upon 
the  glazing  of  the  room,  which  would  otherwise  interfere  greatly  with 
the  efficiency  of  the  light.     A  short  length  of  the  tube  at  tiie  bottom 
containing  the  damper  P,  Figs.  1  and  2,  is  made  to  slide  upwtfda,  to 
allow  of  removing  the  glass  chimney,  but  so  as  not  to  weigh  on  the 
glass  or  fall  when  the  glass  is  taken  out. 

The  Lantern,  within  which  the  whole  of  the  lighting  apparatus  is 
contained,  is  shown  in  Fig.  8,  Plate  17.  It  is  of  an  octagonal  shape, 
as  shown  in  the  plan.  Fig.  9,  Plate  18,  and  is  13  feet  diameter, 
formed  of  cast  iron  panels  with  the  joints  planed  to  the  proper  beril 
so  as  to  fit  solid  together.  The  standards  0  supporting  the  dome  of 
the  lantern  and  forming  the  framing  for  the  plate  glass  panes  are 
inclined  alternately  right  and  left,  which  adds  greatly  to  the  stiffiiess 
of  the  structure,  while  the  light  is  not  entirely  intercepted  in  any 
vertical  plane,  as  would  be  the  case  if  the  standards  were  vertical. 
The  standards  are  of  wrought  iron,  of  a  bevil  section,  as  shown 
enlarged  in  Fig.  11,  Plate  18 ;  to  prevent  corrosion  by  the  action  of 
the  sea  air  they  are  protected  along  the  outer  edge  with  a  gun-metal 
facing  R,  grooved  to  receive  the  plate  glass  panes  8)  which  are  then 
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secured  in  their  places  by  thin  coTering  strips  of  gan-metal  screwed 
on  outside.  Two  sets  of  gon-metal  astragals  T,  Figs.  10  and  12,  to 
support  the  glazing  are  fixed  horizontally  between  the  standards,  at 
the  level  of  the  joints  between  the  refracting  lenses  and  reflecting 
prisms  of  the  optical  apparatus,  so  as  not  to  stop  any  of  the  rays 
emanating  from  the  light. 

The  glazing  S  of  the  lantern  consists  of  panes  of  plate  glass  about 
I  inch  thick,  the  edges  of  which  are  ground  and  the  arises  bevilled  to 
prerent  breakage  in  fixing  or  in  any  possible  shaking  of  the  lantern 
in  a  violent  gale.  Small  strips  of  lead  are  placed  between  the  glass 
and  the  gun-metal  frames,  and  the  interstices  are  filled  up  with  putty. 
The  glass  lies  entirely  within  gun-metal  frames,  and  there  is  no 
difficulty  in  replacing  a  broken  pane  at  any  time.  To  guard  against 
an  accidental  stoppage  of  the  light  through  breakage  of  a  pane  in  a 
gale  or  by  sea  birds  flying  against  the  glass,  storm  panes  are  provided, 
made  of  a  copper  frame  glazed  with  thick  glass,  which  are  kept  always 
ready  in  the  lightroom  and  can  be  fixed  in  a  few  minutes  in  place 
of  a  broken  pane.  The  copper  dome  U,  Fig.  8,  Plate  17,  forming 
the  roof  of  the  lantern,  is  made  double,  with  an  air  space  between ; 
and  the  cowl  Y  at  its  summit  revolves  with  the  weathercock,  to  turn 
the  openings  always  from  the  wind,  allowing  a  free  escape  for  the 
heated  air  from  the  ventilating  tube  of  the  lamp. 

The  efficiency  of  a  dioptric  light  depends  entirely  upon  the  proper 
idjnstment  of  the  various  optical  elements  which  compose  it.  The 
vertical  divergence  of  the  rays  of  light  depends  on  the  dimensions  of 
the  flame  of  the  lamp,  and  seldom  exceeds  an  angle  of  5  degrees,  which 
is  amply  sufficient  for  all  practical  purposes.  For  an  angle  of  vertical 
divergence  equal  to  one  fourth  of  the  dip  of  the  horizon  illuminates 
half  the  whole  distance  from  the  horizon  to  the  lighthouse ;  and  an 
angle  of  vertical  divergence  equal  to  the  dip  of  the  horizon  illuminates 
three  fourths  of  that  distance.  Within  a  mile  or  two  from  the 
lighthouse  however  an  angle  of  vertical  divergence  equal  to  the  dip  of 
the  horizon  illuminates  only  a  small  fraction  of  a  mile,  showing  how 
little  is  gained  by  increasing  the  vertical  divergence  at  the  sacrifice  of 
brilliancy  at  the  horizon.     Thus  for  a  tower  of  100  feet  height,  about 
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l^Sih  of  a  d^^ree  (9'  45^^  is  the  amoant  of  the  dip  of  the  hwiam,a]id 
a  further  angle  of  the  same  amount  illnminates  the  sea  firam  the 
horizon  towards  the  land  for  a  length  of  d|  naatical  miles,  the  total 
range  of  the  light  being  in  this  case  llj  miles.  For  a  tower  of  200 
feet  height  the  dip  is  about  l-4th  of  a  degree  (13'  46^^,  and  a  iurther 
angle  of  the  same  amonnt  illuminates  from  the  horizon  a  distsnee  of 
12  miles  out  of  a  range  of  16  miles.  These  figures  show  that  i 
yertical  diyergence  equal  to  the  dip  of  the  horizon  is  quite  suffident 
to  iUuminate  the  sea  from  the  horizon  up  to  within  a  modeiate  range 
of  the  tower. 

The  efficien<7  of  tiie  light  depends  slso  upon  its  being  oorrectlj 
adapted  in  direction  and  diveigence  to  the  particular  eleTation  it  ia 
intended  to  occupy,  otherwise  a  portion  of  the  brightest  rays  may  ptaa 
aboye  the  horizon  and  consequently  be  lost,  instead  of  being  of  Berriee 
at  and  within  the  horizon.  The  dioptric  system  also  affords  pecdiar 
fscility  for  directing  the  light  upon  any  particular  point  where  it  ia 
more  especially  required.  For  instance:  a  light  may  be  required  merely 
as  a  sea  light,  for  the  purpose  of  signalling  to  mariners  their  i^proach 
to  the  land;  in  that  case  the  most  intense  light  of  the  whole 
apparatus  is  directed  towards  the  horizon.  Or  a  light  may  be 
required  to  illuminate  the  horizon,  but  most  particularly  the  sea  in 
the  neighbourhood  of  the  land,  the  approaches  of  a  harbour,  or  some 
particular  local  danger ;  in  that  case  the  light  of  some  portions  of 
the  apparatus  is  directed  towards  the  horizon,  and  the  light  of  the 
other  portions  is  deflected  towards  the  point  requiring  special 
illumination. 
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A  spedmen  of  one  face  of  the  optical  appumtns,  oontuning  the 
lenBes  and  prisms  of  a  revolying  light,  was  exhibited  from  Messrs. 
Chance's  glass  works,  and  also  a  specimen  of  the  pressure  lamp  used 
for  the  most  powerful  lights. 

The  Ghaibman  enquired  what  were  the  particular  difficulties  with 
the  mechanical  lamps  formerlj  used  in  lighthouses,  in  which  the  oil 
was  raised  bj  pumps  driven  by  clockwork. 

Mr.  Massbldt  replied  that  the  old  mechanical  lamps  were 
complieated  in  construction,  and  the  clockwork  for  working  the  oil 
puB^w  had  to  be  got  into  a  confined  space,  bein'g  more  like  watchwork 
than  clockwork,  and  requiring  a  skilled  mechanic  properly  trained  to 
manage  it ;  and  as  lighth9uses  were  generally  situated  at  a  distance 
from  any  town,  it  was  a  serious  objection  to  have  any  liability  of 
requiring  to  send  away  to  get  the  necessary  repairs  done.  The  pressure 
lamps  now  used  were  of  simple  construction  and  stronger  in  all  the 
parts,  as  shown  by  the  specimen  exhibited ;  they  had  no  machinery 
about  them  requiring  attention  and  there  was  therefore  no  liability  of 
the  light  ever  failing  from  the  lamp  getting  out  of  order.  Of  course 
doi^ork  was  still  required  for  making  the  lights  revolve,  but  this 
was  so  much  stronger  and  larger  that  it  was  not  liable  to  get  out  of 
order,  and  admitted  of  easy  repair. 

The  Ghaibican  asked  whether  the  wicks  in  the  lamp  were  all  used 
at  the  same  level,  and  what  height  of  wick  was  required  above  the 
homer. 

Mr.  Massblin  said  each  wick  was  raised  independently  of  the  rest 
by  a  separate  screw,  and  all  were  turned  up  to  exactly  the  same  level, 
standing  about  g  inch  above  the  burner,  of  which  about  4  inch  became 
blackened  by  the  flame,  leaving  |  inch  steeped  in  the  overflow  of  oil 
standing  above  the  burner. 

The  Ghaibman  enquired  how  the  burner  was  replaced  in  case  of 
its  ever  being  injured  by  overheating  from  the  wicks  burning  down 
too  low. 

Mr.  Massblin  showed  that  the  entire  burner  together  with  the 
glass  chimney  was  readily  removed  by  simply  unfastening  two  screws, 
and  it  coxdd  then  be  inmiediately  replaced  by  a  fresh  burner,  which 
ires  kept  always  ready  at  hand  in  the  lightroom ;  but  such  a  case  never 
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oocnrred  in  practice  wbile  the  light  was  lyimiiig  at  night,  beenue.the 
supply  of  oil  was  maintained  constantly  greater  than  the  eonsnmptionf 
ensuring  an  abundant  overflow,  which  prerented  the  wicks  from 
bnming  down  to  the  homer.  The  light  was  now  kept  np  with  such 
regularity  that  the  wicks  did  not  require  any  alteration  during  the 
whole  night,  after  having  been  once  adjusted  to  the  proper  level  for 
producing  a  brilliant  flame. 

The  Chairmah  enquired  how  the  lamp  could  he  removed  if  required 
at  any  time  after  the  optical  apparatus  had  been  fixed  in  its  piece. 

Mr.  Masbelik  replied  that  there  was  ample  room  for  gettbg  oat 
the  lamp  through  the  space  left  by  either  omitting  the  bottom  panel 
of  prisms  on  one  side  of  the  optical  apparatus  or  hanging  it  on 
hinges.     In  the  old  lamps  in  which  the  oil  cylinder  was  made  roughly 
of  sheet  brass  and  therefore  not  truly  cylindrical,  the  piston  had  to  be 
made  a  very  loose  fit  and  the  cupped-leather  large ;  and  the  piston 
being  loaded  with  weights  upon  it  was  liable  to  get  unequally  weighted 
when  the  weights  were  changed,  so  that  the  piston  was  canted  and 
the  leather  turned  inside  out,  rendering  the  lamp  useless  and  requiiing 
the  piston  to  be  taken  out  for  re-setting  the  leather.     This  defect 
caused  a  prejudice  at  first  against  pressure  lamps  :   but  in  the  new 
lamps  with  the  cylinder  cast  and  bored  no  such  accident  coold  oocor; 
and  they  were  so  strongly  constructed  in  all  the  parts  that  there  was 
now  no  more  occasion  for  providing  a  duplicate  lamp  cylinder  than  for 
providing  a  duplicate  optical  or  revolving  apparatus;  but  duplicatea 
were  provided  of  all  the  working  parts  of  the  lamp  which  were  in  the 
least  likely  to  wear.      The  weight  giving  the  pressure  on  the  piston 
was  suspended  below  the  lamp,  and  could  readily  be  increased  or 
diminished  according  to  the  degree  of  fluidity  of  the  oil  in  the  cylinder, 
without  disturbing  the  action  of  the  lamp. 

The  Chairman  asked  whether  any  of  the  fountain  lamps  were  still 
in  use,  and  what  arrangement  was  adopted  for  fixing  the  oil  reservoir 
so  as  not  to  interfere  with  the  light. 

Mr.  Massblim  said  the  fountain  lamps  were  not  all  abandoned  yet, 
but  they  were  being  gradually  replaced  as  they  became  worn  out  by 
more  efficient  lamps.  There  was  generally  one  side  of  the  lighthouse 
towards  the  land  on  which  the  light  was  less  wanted  than  on  the 
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others,  and  the  oil  reservoir  was  then  placed  on  that  side  jnst  at  the 
level  of  the  bnmer. 

The  Ohaibm A9  enquired  what  distance  the  dioptric  lights  were 
visible,  and  whether  the  whole  of  the  light  was  confined  in  the  vertical 
direction  within  so  narrow  a  limit  as  only  5  degrees  of  divergence. 

Mr.  Massblin  replied  that  the  range  of  the  light  depended  on  the 
height  of  the  lighthouse  and  consequent  distance  of  the  horizon  :  at 
Lundj  Island  in  the  Bristol  Channel,  where  the  lantern  was  about 
540  feet  above  the  sea,  the  horizon  was  about  35  miles  distant  and 
the  light  was  distinctlj  seen  at  that  distance.  The  power  of  the  light 
at  such  a  distance  depended  of  course  upon  the  concentration  of  the 
greatest  possible  amount  of  the  rays  within  a  very  small  angle,  and  the 
angle  of  5  degrees  was  the  maximum  amount  of  vertical  divergence  in 
most  cases.  The  extreme  minuteness  therefore  of  the  angles  to  be 
dealt  with  rendered  perfect  accuracy  of  workmanship  and  adjustment 
in  the  optical  apparatus  of  the  utmost  importance.  The  middle  ray  or 
axis  of  the  light  did  not  issue  in  a  true  dead  level,  but  was  deflected 
to  the  horizon,  being  depressed  by  the  amount  of  the  dip  of  the 
horizon,  so  as  to  throw  the  strongest  part  of  the  light  full  upon  the 
horizon ;  and  of  the  2^  degrees  or  150  minutes  forming  the  lower  half 
of  the  divergence,  the  first  10  minutes  alone  were  sufficient  to  light 
three  quarters  of  the  distance  from  the  horizon  towards  the  lighthouse, 
in  the  case  of  a  tower  100  feet  high.  If  more  of  the  light  was  wanted 
on  the  sea  and  less  on  the  horizon,  the  axis  was  further  deflected,  so 
that  the  central  rays  fell  on  the  sea  nearer  in  than  the  horizon. 

The  Chairman  asked  what  was  the  greatest  distance  for  which 
reflecting  lights  were  employed,  and  whether  there  were  many  of  them 
now  in  use.  ^ 

Mr.  Massblin  believed  it  was  only  in  England  and  the  English 
eolonies  that  there  were  any  lights  remaining  on  the  old  reflecting 
system,  as  they  had  been  entirely  abandoned  in  other  countries  for 
dioptric  lights,  and  in  this  country  the  present  reflecting  lights  would 
no  doubt  be  replaced  by  dioptric  apparatus,  as  soon  as  the  reflectors 
required  renewal.  He  did  not  know  what  was  the  greatest  distance 
illmninated  by  a  reflecting  light,  but  with  a  sufficient  number  of  lamps 
and  large  reflectors  there  was  no  reason  why  as  good  a  light  should 
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not  be  obtained  bj  the  reflecting  system,  for  revolving  lights,  as  by 
the  dioptric:  but  the  cost  of  maintenance  and  consumption  of  oil  was 
much  greater  in  the  reflecting  system,  and  the  whole  of  the  reflectors 
required  entirely  renewing  after  a  certain  tune  of  wear.  The  largest 
reflectors  that  he  knew  of  were  21  inches  in  diameter,  and  the  greatest 
number  employed  in  any  one  light  was  from  24  to  30. 

Mr.  Sampson  Llotd  thought  the  paper  that  had  been  read  was  of 
great  value  and  general  interest  on  account  of  the  high  degree  of 
perfection  attained  in  the  apparatus,  and  also  from  the  number  of 
wrecks  still  occurring  and  the  importance  of  efficient  lighthouses  for 
preventing  them.  He  enquired  what  increase  had  taken  place  in  tbe 
number  of  lighthouses  since  the  introduction  of  the  improved  system 
of  lighting,  and  how  many  dioptric  lights  there  now  were  round  the 
coast  of  England. 

Mr.   Massblik  replied  that  eighty  years    ago    there  were  so 
lighthouses  deserving  of  the  name,  but  only  a  few  towers  with  coal 
fires  to  serve  as  beacons ;  and  even  as  late  as  1820  several  of  the  main 
lights,  at  Harwich  and  elsewhere,  were  only  open  coal  fires  with  a 
brass  plate  placed  behind  as  a  rude  kind  of  reflector.     The  celebrated 
Eddystone  lighthouse  was  originally  lighted  by  only  a  few  miserable 
tallow  candles,  and  in  1780  the  first  reflectors  were  used ;   but  these 
were  made  only  of  plaster  of  paris,  hollowed  to  a  parabolic  shape, 
having  the  inner  face  covered  over  with  small  pieces  of  ordinary  mirror 
glass  set  in  the  plaster,  which  were  replaced  in  1807  by  copper  reflectors 
silvered  on  the  face.    The  old  reflecting  system  continued  in  general 
use  until   1834,   when   FresneVs  more  perfect  dioptric  light  was 
introduced  into  this  country,  the  flrst  being  erected  on  Lundy  Island. 
The  optical  apparatus Jbhen  consisted  of  only  the  annular  lenses  forming 
the  central  portion  through  which  the  light  was  simply  refracted, 
without  any  of  the  catadioptric  or  totally  reflecting  prisms  by  which 
the  light  was  now  rendered  luminous  throughout  the  entire  height 
of  the  apparatus.      The  number  of  lights  now  in  use  round  the 
coast  of  England  was    altogether  about  200,  of  which  only  aboat 
38  were  dioptric  lights  ;  but  in  the  United  States  there  were  already 
more  than  500  dioptric  lights. 
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The  Ghaibhah  asked  in  what  manner  the  prisms  were  adjusted  to 
their  correct  positions  in  the  optical  apparatus,  and  whether  that  was 
done  before  the  apparatus  was  fixed  at  the  lighthouse. 

Mr.  MABSELnr  regretted  that  Mr.  J.  Chance  had  been  unexpectedly 
prevented  from  being  present  to  afford  explanation  of  the  optical 
portion  of  the  apparatus.  The  principle  of  adjustment  was  that  each 
prism  of  glass  in  the  apparatus  was  separately  adjusted  and  fixed  at 
the  correct  angle  for  the  ray  from  a  distant  fixed  point  to  be  directed 
in  each  case  to  a  focus  where  the  fiame  of  the  lamp  was  situated,  so 
that  all  the  rays  intersected  at  that  focus,  and  the  whole  of  the  light 
from  the  lamp  was  consequently  deflected  into  the  required  direction 
towards  the  horizon.  The  height  that  the  light  had  to  be  fixed  aboye 
the  sea  being  given,  the  angle  of  dip  of  the  horizon  was  known,  and 
the  whole  of  this  adjustment  could  consequently  be  made  in  the  works 
by  having  a  staff  erected  at  a  distance  as  the  object  to  be  viewed  in 
making  the  adjustment  of  the  prisms,  the  staff  being  graduated  by 
calculation  to  correspond  with  the  true  direction  of  the  rays  if 
prolonged  to  the  horizon  from  each  line  of  prisms.  A  sight  was  fixed  in 
the  focus  of  the  apparatus  at  the  point  where  the  brightest  part  of  the 
lamp  fiame  was  to  be,  and  each  prism  was  separately  adjusted  until  the 
image  of  a  white  line  on  the  vertical  staff  was  correctly  thrown  into  the 
focus,  a  separate  line  for  each  prism  being  marked  upon  a  staff  specially 
graduated  for  each  apparatus,  according  to  the  intended  elevation  of  the 
lighthouse  above  the  horizon.  The  adjustment  was  formerly  in  a  few 
instances  made  at  the  sea  coast,  but  by  this  arrangement  it  was  now 
done  at  the  works  with  much  greater  facility.  Owing  to  the  flame  of 
the  lamp  being  not  a  single  point  but  extending  over  a  height  of  as 
much  as  4  inches  in  the  largest  size,  the  central  rays  only  could  be 
actually  directed  to  the  intended  point,  and  the  rays  from  the  upper 
and  lower  portions  of  the  flame  gave  a  total  divergence  of  the  light  of 
about  5  degrees  vertically.  Formerly,  and  still  in  France,  the  prisms 
were  all  set  to  a  dead  level,  and  on  account  of  the  dip  of  the  horizon  the 
central  ray  was  consequently  thrown  above  the  actual  horizon,  and 
more  than  half  the  light  was  lost  by  being  thrown  into  the  air,  instead 
of  upon  the  sea ;  but  here  each  prism  was  treated  separately,  and  set  so 
that  its  central  ray  was  depressed  to  the  horizon  or  to  a  point  somewhat 
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within  the  horizon,  so  as  to  throw  the  greatest  intensity  of  the  light 
where  it  was  most  wanted  for  yessels  approaching  from  a  distance,  and 
to  make  the  greatest  proportion  of  the  light  arailable. 

The  Ghairmam  asked  how  the  prisms  were  bedded  and  fixed  in  the 
gan-metal  frames. 

Mr.  Massblin  replied  that  during  the  process  of  adjnstoieiit  the 
prisms  were  held  in  their  places  by  small  wooden  wedges ;  and  as  soon 
as  the  adjustment  was  completed,  they  were  secured  by  a  little  plaster 
of  paris  at  three  points  of  each,  which  set  quickly,  and  the  remaining 
space  was  filled  in  afterwards  with  white  and  red  lead  putty :  this  set 
yery  hard  in  a  few  days,  and  held  the  prisms  secure  in  their  right 
position,  and  prevented  them  from  touching  the  metal  frame  anywhere, 
otherwise  the  glass  would  soon  get  chipped. 

The  Chairman  observed  that  very  great  accuracy  must  be  required 
in  the  form  of  the  prisms,  to  ensure  the  correct  direction  of  the  rays, 
as  any  error  would  be  so  greatly  magnified  by  the  long  distance ;  and 
enquired  how  the  prisms  were  shaped  to  their  correct  form,  so  as  to 
ensure  each  being  a  true  figure. 

Mr.  Masselin  replied  that  the  required  accuracy  of  work  was 
obtained  by  doing  the  grinding  and  polishing  of  the  prisms  entirely 
by  machinery  of  accurate  construction.  The  prisms  were  set  on 
horizontal  revolving  tables,  like  a  horizontal  face  plate  of  a  laige 
lathe,  up  to  11  feet  diameter,  the  prisms  of  the  same  section  and 
the  same  curvature  being  fixed  on  the  same  table  in  a  continuons 
circular  ring  of  the  required  diameter,  and  having  one  face  bedded 
in  plaster  of  paris ;  the  two  other  faces  were  then  ground  and  polished 
in  their  position  by  a  set  of  rubbers  with  emery  powder  and  ronge, 
worked  transversely  by  machineiy  as  the  table  revolved,  and  moving 
at  the  required  inclination  or  in  curves  of  the  required  radius. 

Mr.  W.  Mathews,  Jun.,  enquired  whether  any  chr<Hnatic 
aberration  in  the  light  was  produced  by  its  passage  through  the 
glass,  as  in  the  refraction  of  light  through  ordinary  prisms. 

Mr.  Masselin  said  no  appearance  of  prismatic  colours  was  noticed 
in  the  light,  and  if  there  were  any  it  was  so  slight  as  not  to  be 
perceptible,  probably  on  account  of  the  resolved  coloured  rays  from 
the  different  prisms  being  so  completely  intermingled  by  the  vertical 
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diyergence  of  the  light  as  to  reprodace  the  white  light  free  from 
prismatic  colours. 

The  Chaibman  considered  they  were  much  indehted  for  the  clear 
and  valuable  information  giyen  in  the  paper  on  a  subject  of  such 
general  importance,  in  which  such  extensiye  interests  were  involred. 
It  was  most  necessary  that  the  greatest  possible  perfection  should  be 
attained  in  the  lighting  apparatus  of  lighthouses,  on  the  constant 
efficiency  of  which  so  many  lives  and  vessels  had  to  depend  for  safety. 
He  proposed  a  vote  of  thanks  to  Mr.  Masselin  for  the  paper,  which 
was  passed  ;  and  also  to  Mr.  James  Chance  for  his  kindness  in  lending 
the  spedmens  exhibited. 


The  following  paper  was  then  read  : — 
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ON   THE   COAL   AND   IRON   MINING 
OF   SOUTH   YORKSHIRE. 


By  Mb.  PARKIN  JEPFCOCK,  of  DiaiBT. 


It  is  proposed  in  the  present  paper  to  consider  the  general  features 
of  the  South  Yorkshire  district  with  reference  to  the  circomstances 
affecting  mining  engineering. 

The  accompanying  general  plan,  Fig.  1,  Plate  19,  represents  tint 
portion  of  the  Yorkshire  coalfield  which  is  more  particularly  called  the 
South  Yorkshire  district ;  extending  from  Sheffield  on  the  south  to 
Wakefield  on  the  north  about  25  miles,  and  from  west  to  east  about 
20  miles  altogether,  on  either  side  of  Bamsley.  The  plan  shows  the 
general  extent  of  the  coalfield,  indicated  by  the  shaded  portion ;  the 
outcrops  of  two  of  the  principal  seams  of  coal,  the  Silkstone  and  the 
Parkgate  seams ;  the  positions  of  the  principal  faults  ;  the  localities 
of  the  more  important  collieries  and  ironworks ;  and  the  lines  of 
railway  and  water  conyeyance. 

The  horizontal  section,  Fig.  2,  Plate  20,  which  is  reduced  from  tiie 
late  Mr.  Thorpe's  published  section,  is  taken  through  Bamsley  along 
the  dotted  line  WE  upon  the  plan.  Fig.  1,  extending  from  tiie 
millstone  grit  on  the  borders  of  Derbyshire  on  the  west  to  the  eastern 
boundary  of  the  coalfield  at  E. 

The  vertioal  section.  Fig.  8,  Plate  21,  represents  the  position  snd 
thickness  of  the  principal  beds  of  coal  and  mines  of  ironstone,  as  tiiey 
were  prored  by  borings  at  Wath  Wood,  near  Lundhill  Collieiy  on  tiie 
plan,  Fig.  1.  Five  beds  of  coal,  between  the  Woodmoor  seam  and  the 
Kent's  Thin  seam,  do  not  occur  at  this  place ;  a  second  vertical  section. 
Fig.  4,  is  therefore  placed  alongside,  showing  these  beds  in  their 
corresponding  position  as  they  were  proved  in  sinking  at  the  Oaks 
Colliery  near  Bamsley,  Fig.  1. 
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The  Sooth  Yorkshire  coalfield  is  a  continuation  northwards  of  the 
Derbyshire  coalfield.  On  the  east  it  is  bounded  by  the  overlying  and 
iinconformable  magnesian  limestone  and  permian  strata,  and  the 
extent  of  the  coal  measures  in  this  direction  is  yet  nnproyed.  On  the 
west  the  millstone  grit  rocks  crop  ont,  forming  the  bleak  moors  of 
North  Derbyshire;  and  the  coal  measures  extend  northwards  and 
constitute  the  North  Yorkshire  coalfield.  The  general  dip  of  the  coal 
strata  is  frotn  west  to  east  at  an  average  angle  of  1  in  9  ;  this  however 
is  much  modified  in  many  localities  by  main  faults,  the  principal  of 
which  are  shown  on  the  plan,  Fig.  1,  by  the  strong  black  lines.  The 
total  number  of  coal  seams  is  very  great,  as  shown  in  the  vertical 
section.  Fig.  3,  and  many  of  them  have  been  worked  in  various 
localities. 

The  following  are  the  principal  seams  of  coal  in  their  geological 
order,  with  their  average  thickness  : — 

1.  Wath  Wood  or  Muck  seam      4  ft.  6  ins.  thick. 

2.  Goal,  no  name  8       8 

8.    Woodmoor  seam 8       0 

4.  Winter  seam 6  4 

5.  Upper  Beamshaw  seam ...    4  8 

6.  Lower  Beamshaw  seam       2  2 

7.  Kent's  Thin  seam  2  7 

8.  Kent's  Thick  or  High  Hasel  seam 5  0 

9.  Bamsley  Thick  seam      8  ft.  6in8.  to9  0 

10.  Swallow  Wood  seam 5  0 

11.  Howard  or  Flookton  seam       5  0 

12.  Fenton*8  Thin  seam 2  8 

18.  Parkgate  or  Chapeltown  seam 6  9 

14.  Thomcliffe  Thin  seam         2  6 

15.  Four  Foot  seam,  variable          4  0 

16.  Silkstone  or  Sheffield  seam 5  0 

17.  Charlton  Brook  or  Mortomley  seam 8  0 

The  most  important  seam  of  the  series  is  the  Bamsley  Thick  coal, 
which  under  the  name  of  the  Main  or  Top  Hard  coal  has  been  very 
extensively  worked  in  Derbyshire.  In  the  South  Yorkshire  district 
its  average  thickness  is  about  8  feet  6  inches,  but  the  thicbess  varies 
exceedingly  at  different  places.  It  is  most  fully  developed  in  the 
neighbourhood  of  Bamsley,  but  extends  through  the  greater  part  of 
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tbe  distiici,  and  has  been  prindpally  woiked  at  WooUej,  Gcirber, 
The  Oaks,  Edmund's  Main,  Wombwdl  Main,  Dariej  Main,  Elsectf, 
Warren  Vale,  Ramnanh,  Hoyland,  LnndMU,  Mount  Osborne, 
Thrjbnrgh,  Darfield,  Car  Hoose,  &c.  The  hard  ooal  from  this  setm 
is  in  great  repate  for  steam  purposes,  and  stood  high  at  the  trialfl 
made  at  Woolwich  in  1851  rdatiTe  to  the  value  of  steam  ooils. 
North  of  Woollej  the  Bamslejr  seam  is  snbdivided  into  two  or  thrae 
others,  which  are  worked  in  the  neighbourhood  of  Normanton  vnder 
different  names.  In  Derbyshire  it  appears  to  the  best  advantage  at 
the  large  works  of  Mr.  Barrow  at  Stavel^,  where  it  is  known  as  the 
Btaveley  Hard  coal,  which  has  been  extensively  used  for  steam  pnrpoeee 
and  in  the  manofactare  of  iron. 

The  Swallow  Wood  seam  occurs  about  60  yards  below  the  Bamsley 
Thick  coal,  its  thickness  varying  from  3  feet  4  inches  to  6  feet.  It 
has  been  worked  only  to  a  very  limited  extent,  principally  at  Swallow 
Wood;  and  is  known  in  Derbyshire  as  the  Donsil  or  Oldgreaves  ooal, 
lying  there  about  30  yards  below  the  Top  Hard  seam. 

The  Parkgate  or  Thomcliffe  Thick  seam  occurs  at  an  average  depth 
of  219  yards  below  the  Swallow  Wood,  and  has  been  chiefly  worked  at 
Parkgate,  Thomcliffe,  Pilley,  &c.  Its  average  thickness  is  5  feet 
6  inches,  but  the  thickness  varies  considerably  from  4  feet  10  inches 
to  about  6  feet.  It  is  known  as  the  Bottom  Soft  coal  in  Derbyshiiet 
where  it  has  been  very  extensively  worked. 

The  Thomcliffe  Thin  seam,  called  the  Bottom  Hard  in  Derbyshire, 
is  found  24  yards  below  the  preceding ;  its  thickness  is  from  2  feet 
6  inches  to  3  feet,  and  it  has  been  principally  worked  at  Thomcliffe, 
Pilley,  &c. 

The  Silkstone  or  Sheffield  seam  lies  about  61  yards  below  the 
Thomcliffe  Thin,  and  has  an  average  thickness  of  about  5  feet.  It  is 
a  very  well  defined  seam,  and  may  be  taken  as  a  sort  of  datum  line  in 
identifying  the  position  of  the  other  beds.  It  has  been  prindpallj 
worked  in  the  neighbourhood  of  Sheffield,  and  at  Ghapeltown, 
Thomcliffe,  Pilley,  Mortomley,  and  Silkstone ;  and  is  identical  inth 
the  Blackshale  or  Clod  coal  of  Derbyshire.  The  coal  is  of  great  value 
for  house  fire  purposes,  competing  with  the  celebrated  HettoB 
Wallsend. 
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By  fiur  the  most  important  and  yalnable  of  the  seams  of  coal  are 
the  Bamslej  Thick  and  Silkstone  seams.  At  the  Woolwich  trials 
made  by  the  admiralty  in  1851  relative  to  the  strength  and  yalne  for 
steam  purposes  of  the  Bamsley  Thick  coal  from  Darley  Main,  West 
Hartley  coal  from  Newcastle,  and  Welsh  coal  from  Merthyr  Tydvil, 
the  total  weight  of  water  evaporated  in  each  case  was  24,960  Ibs^  and 
the  evaporation  per  lb.  of  coal  was  8-10  lbs.  by  the  Bamsley  Thick 
and  West  Hartley  coals,  and  8*25  lbs.  by  the  Merthyr  coal.  Trials 
were  also  made  of  the  Bamsley  Thick  coal  in  1858  at  Doncaster  on 
tiie  Great  Northern  Railway,  when  the  evaporation  obtained  was 
7-64  lbs.  of  water  per  lb.  of  coal,  the  total  weight  of  water  evaporated 
being  448,281  lbs.,  and  the  coal  used  being  a  mixture  of  steam  coal 
and  house  fire  coal  consumed  under  Cornish  boilers  working  at  a 
pressnre  of  45  lbs.  The  Bamsley  Thick  coal  lights  easily,  bums 
freely,  and  raises  steam  rapidly.  It  produces  only  a  very  small 
quantity  of  white  ashes  and  cinders,  giving  little  trouble  to  the 
stokers,  and  the  less  it  is  disturbed  the  better ;  it  does  not  clog  or 
adhere  to  the  bars,  and  makes  no  slag,  maintaining  a  good  clear  fire 
with  little  sulphur.  It  is  a  most  economical  coal  for  marine  engines, 
and  in  using  it  a  light  thin  fire  is  particularly  recommended. 

The  mines  of  Ironstone  occur  between  the  Bamsley  Thick  coal 
and  the  Silkstone  coal,  as  shown  in  the  vertical  section,  Fig.  3, 
Plate  21. 

The  first  mine  of  importance  is  the  8wallow  Wood,  about  60  yards 
below  the  Bamsley  Thick  coal,  which  has  been  principally  worked  at 
Hilton  for  the  supply  of  the  furnaces  there.  It  consists  of  three 
measures  of  ironstone,  and  an  analysis  of  a  sample  of  the  ore  by  Mr. 
Spiller  of  the  Geological  Museum  gave  26*79  as  the  percentage 
of  metallic  iron. 

The  Lidgate  mine,  next  below  the  Swallow  Wood,  has  been 
extensively  worked  at  Milton,  Tankersley,  and  Thomclifife. 

The  Tankersley  mine  is  usually  found  about  50  yards  below  the 
Lidgate,  and  is  called  also  the  Musselband  ironstone  from  the  number 
of  fossil  shells  it  contains.  It  has  been  worked  chiefly  at  Tankersley, 
sad  yields  about  1500  tons  of  ironstone  per  acre. 

M 
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The  Thorncliffe  Black  mine  lies  about  70  yards  below  ihe 
Tankerslej :  it  is  worked  principally  at  Parkgate,  and  used  in  the 
furnaces  at  Milton  and  Elsecar ;  and  an  analysis  by  Mr.  8piller  gave 
84  *  16  per  cent,  of  metallic  iron. 

The  Thorncliffe  White  mine  lies  immediately  below  the  Parkgate 
seam  of  coal,  and  consists  of  three  measures,  containing  about  32  per 
cent,  of  metallic  iron  and  yielding  about  1500  tons  of  ore  pa  acre. 
It  has  been  worked  principally  at  Parkgate  and  Thorncliffe,  and  was 
formerly  worked  extensiyely  at  the  Holmes. 

The  lowest  mine  is  the  Clay  Wood  or  Black  mine,  consisting  of 
three  measures,  containing  about  82  per  cent,  of  iron  and  yielding 
about  1600  tons  of  ore  per  acre.  It  has  been  got  to  a  great  extent  at 
Thorncliffe,  and  is  identical  with  the  Black  Shale  or  Stripe  Bake  of 
Derbyshire,  which  is  so  much  prized  by  the  ironmasters  of  that  coonfy. 

The  principal  ironworks  of  the  South  Yorkshire  district  are  at 
Parkgate,  Holmes,  Milton,  Elsecar,  and  Thorncliffe,  in  blast;  and  at 
Chapeltown  and  Worsborough,  out  of  blast. 

The  modes  of  working  the  coal  in  the  South  Yorkshire  district 
may  be  considered  as  modifications  of  the  ''long  wall"  system  so 
extensively  and  successfully  practised  in  the  midland  counties.  The 
'*  pillar  and  stall  "  mode  of  working  adopted  in  the  north  of  England 
has  not  been  much  used  in  South  Yorkshire;  and  the  ''long wall'* 
system  being  principally  confined  to  the  midland  counties,  the  Sonth 
Yorkshire  system  of  working  may  be  regarded  as  a  combination  of  the 
two.  Where  the  circumstances  are  favourable,  the  "long  waQ*' 
system  is  being  extended  in  the  Yorkshire  coalfield  ;  and  wherever  it 
can  be  adopted  it  is  to  be  recommended  on  account  of  the  simplicity  of 
arrangement  both  for  working  and  ventilation,  and  also  as  being 
the  most  economical  method  of  getting  the  coal. 

The  principal  modes  of  working  the  coal  adopted  in  Yorkshire  are 
the  "  Narrow  Work,"  "  Long  Work,"  **  Bords  and  Long  Work," 
"  Wide  Work,"  and  "  Bank  Work."  Tliese  are  shown  in  the  ideal 
diagrams.  Plates  22  to  27,  the  first  five  of  which  have  been  prepared 
from  diagrams  kindly  lent  for  the  purpose  by  Mr.  Charles  Morton,  the 
government  Inspector  of  mines  for  Yorkshire.    They  can  be  represented 
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only  by  ideal  plans,  because  none  of  tbem  are  carried  out  in  their 
integrity  at  any  collieries  in  the  South  Yorkshire  district;  and  in 
some  instances  one  mode  is  adopted  in  one  part  of  the  workings 
and  another  elsewhere  in  the  same  colliery.  These  different  systems 
of  working,  some  of  which  however  are  falling  into  disuse,  have  been 
rendered  necessary  by  the  variable  nature  of  the  roofs  and  floors  of  the 
coal  seams  in  the  South  Yorkshire  district.     The  same  reference 

« 

letters  are  used  throughout  all  the  diagrams. 

Fig.  5,  Plate  22,  is  a  plan  of  the  mode  of  working  by  ^<  Narrow 

Work,"  on  the  end  of  the  coal.     P  is  the  downcast  pit,  and  £  the 

main  <<  bord  "  (road  cut  transversely  to  the  grain  of  the  coal,  against 

the  ''face"   of  the  coal),    from  which  pairs  of  ''headings"    or 

"  endings "    E  E    (roads  cut  against  the   "  end  "    of   the    coal, 

lengthways  of  the  grain)  are  driven  at  intervals  of  about  80  yards. 

When  these  endings  have  been  carried  to  the  requisite  distance  on 

either  side  of  the  main  bord  B,   a  communication  is  made  between 

their  extremities,  and  the  coal  is  worked  by  short  faces  homewards, 

as  shown  at  W  W.     The  whole  of  the  coal  being  thus  got  out,  the 

roof  is  allowed  to  come  down  in  the  goaf  as  the  working  progresses, 

being  temporarily  kept  up  immediately  behind  the  working  faces 

by  props  or  puncheons,  which  are  afterwards  withdrawn  successively 

and  shifted  forwards.     U  is  the  upcast  shaft,  and  F  the  ventilating 

iumace.     The  main  current  of  fresh  air  from  the  downcast  pit  P  is 

ctrried  up  the  main  bord  £  and  along  the  furthest  pairs  of  endings  E, 

as  shown  by  the  arrows,  and  is  then  passed  through  the  face  of  the 

workings  W.     The  course  of  the  air  is  determined  by  stoppings  S 

baflt  to  block  up  the  various   crossgates  between  the  bords  and 

endings ;  and  by  doors  D,  throagh  which  the  coal  is  brought  down  to 

the  shaft  from  the  workings  W,  and  from  the  endings  E  that  are  in 

process  of  being  driven.    At  C  is  an  air  crossing,  where  the  current  of 

fool  air  proceeding  from  the  workings  to  the  upcast  shaft  IT  crosses 

OFer  the  current  of  fresh  air  entering  the  mine  from  the  downcast 

pit  P.     At  R  R  are  regulators  to  control  the  quantity  of  air  passing 

through  each  portion  of  the  mine ;    when  these  are  closed,   the 

whole  of  the   fresh  air  has  to  pass  through  the  workings  before 

leaching  the  upcast  shaft ;   but  when  they  are  opened,  a  portion  of 
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tiie  Btr  finda  »  shorter  conrse  throngh  th«  rc^nlaton  direct  to 
the  apcast  shaft,  and  a  amaller  qnantitj  of  air  therefore  pusw 
through  the  workings.  This  mode  of  vorldng  is  falling  into 
disnae  in  Yorkshire,  and  is  eeldom  adopted  except  under  special 
circnmatances,  where  the  coal  is  of  a  soft  or  friable  nature  and 
irh«e  the  roof  is  not  strong,  the  ooal  being  therefore  got  in  vei; 
abort  lengths,  as  shown  at  W  W,  with  only  a  verj  "  narrow  "  dee  a 
process  of  working  at  a  time,  whence  the  name  of  this  mode  (A 
working. 

There  are  two  modes  of  "  Long  Work,"  the  first  of  whidi  is 
shown  in  Pig.  6,  PUte  23.  Xliis  and  all  the  snbseqaent  modes  of 
working  are  on  the  face  of  the  coal,  the  workings  W-  being  carried 
forwards  transversely  to  the  grain  of  the  coal,  against  tiie  "  fwe  "  of 
the  coal,  instead  of  against  the  "  end  "  of  the  coal  as  in  the  pievions 
<<  narrow  work."  In  Fig.  6  it  will  be  seen  that  there  is  a  long  bee 
of  work  in  progress  at  once  in  each  portjon  of  the  mine :  the  workiDgt 
are  started  from  the  main  headings  or  endings  E,  and  the  coal  bim 
the  working  faces  is  brought  down  throngh  the  goaf  by  means  of 
packed  roads  G,  shown  by  the  strong  black  lines,  the  walls  of  whidi 
are  bnilt  np  of  rock  and  shale ;  the  packed  roads  are  carried  fonnrdi 
continnoasly  as  the  working  faces  advance.  The  fresh  ur  from  tie 
downcast  shaft  passes  along  the  endings  E  and  the  packed  roads  Q 
up  to  the  working  faces  W,  and  thence  by  the  bords  B  to  the  vpaA 
shaft  TJ,  as  shown  1^  the  arrows,  the  regulators  R  B  coutroIUng  llie 
TentdUlion  in  each  portion  of  the  workings.  At  H  H  are  doon  or 
stoppings  with  apertares  to  allow  of  passing  some  of  the  air  thrmgli 
the  packed  roads  G  in  the  goaf,  according  as  may  be  required  to  keag 
(hem  clear  of  gas. 

In  the  second  mode  of  "  Long  Work,"  shown  in  Fig.  7,  Plate  M, 
the  workings  are  sabdirided  into  separate  lengths  of  &u»  I7  th* 
rs  L  being  left  between  them  at  first,  abont  80  yards  thick;  bat 
I  the  workings  have  been  carried  forwards  as  fiir  as  intended,  tbe 
Tening  pillars  are  then  also  worked,  beginning  from  the  fbrther 
ud  working  backwards,  as  seen  at  A,  whereby  the  cnrrent  of  *ir 
(rays  kepi  np  against  the  pillar  face  A  nntdl  the  whole  pilar  ia 
>Ted.     The  packed  roads  G  are  required  for  bringing  ont  the  coal 


SOUTH   T0BK8HIRB   OOAL  MINIKG.  75 

through  the  goaf  in  this  plan  of  working,  the  same  as  in  the  first 
mode  of  ''long  work;"  the  strong  dotted  lines  through  the  goaf  in 
the  neighhonrhood  of  the  pillar  working  A  show  packed  roads  that  are 
no  longer  required  to  he  maintained  and  have  been  abandoned.  The 
oonrse  of  the  air  is  shown  by  the  arrows. 

The  mode  of  working  by  ''  Bords  and  Long  Work  "  is  shown  in 
Fig.  8|  Plate  25.  Here  pairs  of  bords  B  B  are  driyen  from  the  main 
heading  or  ending  E,  at  intervals  of  about  20  yards;  and  when 
tiiey  have  reached  the  extreme  distance  intended,  the  whole  of  the 
interrening  coal  is  worked  homewards,  downhill,  and  is  brought  out 
from  the  working  face  W  through  the  bords  B.  In  ''  bords  and  long 
work  "  therefore  the  bords  form  a  marked  feature  in  the  system,  being 
driven  to  the  extreme  extent  in  the  first  instance,  as  shown  in  the 
right-hand  half  of  the  plan.  Fig.  8,  before  the  working  of  the  whole 
ooal  is  commenced ;  and  when  this  has  been  begun,  as  shown  in  the 
left-hand  half  of  the  plan,  no  packed  roads  are  required  in  the  goaf 
for  bringing  out  the  coal  from  the  working  face,  but  the  coal  is 
brought  down  through  the  bords  themselyes,  which  are  thus  not 
obHterated  till  all  the  coal  is  won,  but  remain  of  service  to  the  last. 
In  the  previous  modes  of  ''  long  work "  on  the  contrary,  shown  in 
Figs.  6  and  7,  the  progress  of  |he  work  is  in  the  opposite  direction, 
uphill,  and  the  face  of  work  is  opened  without  driving  bords ;  and 
accordingly  packed  roads  are  required  to  be  maintained  through  the 
goaf  for  bringing  down  the  coal  from  the  working  face.  The  course 
of  the  aur  is  shown  by  the  arrows  in  Fig.  8,  and  the  air  regulator  is 
placed  at  R ;  but  in  ''  bords  and  long  work  "  there  is  no  need  of  any 
nrsngement  for  coursing  part  of  the  air  through  the  goaf,  as  is 
required  in  **  long  work." 

In  the  ''  Wide  Work  "  method,  shown  in  Fig.  9,  Plate  26,  the 
coal  is  got  in  banks  W  about  60  yards  long,  each  subdivided  into 
bords  7  or  8  yards  wide,  separated  by  pillars  of  an  average  thickness 
of  one  yard,  as  shown  by  the  thick  black  lines  in  the  goaf.  Grossgates 
K  are  made  to  the  main  roads  B  at  suitable  intervals,  according  to  the 
state  of  the  atmosphere  in  the  mine  and  the  ventilation.  For  ventilating 
the  workings  the  current  of  air  is  passed  up  the  furthest  bord  B, 
MTOM  the  face  of  the  work  in  the  first  bank  W,  and  out  at  the  other 
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end  of  the  bank ;  it  is  then  carried  forwards  up  the  interrening 
pillar  bord  B  to  the  next  bank,  and  across  the  working  face  in  tbe 
same  manner,  as  shown  by  the  arrows.  This  method  of  workmg  is 
now  being  abandoned  where  possible  for  the  **  long  wall  *'  system. 

In  the  <'  Bank  Work/'  shown  in  Fig.  10,  Plate  27,  the  coal  is 
got  in  banks  W  abont  60  yards  long,  as  in  the  last  mode,  but 
each  bank  is  worked  all  in  one  length  without  any  intermediate 
pillars  being  left  in  each  bank.  The  method  of  ventilation  is  the  same 
as  in  *^  wide  work,"  as  shown  by  the  arrows.  The  mode  of  working 
by  single  bords  B,  as  in  both  <'bank  work'*  and  *' wide  work,*' 
instead  of  by  pairs  of  bords,  is  however  to  be  condemned  on  account  of 
the  difficulty  and  expense  of  maintaining  packed  roads  through  tlie 
goaf  for  the  winning  of  the  pillars  BB  at  the  last ;  or  if  they  have  not 
been  maintained,  of  making  new  packed  roads  for  ventilation:  ind 
again  these  pillars  being  liable  to  a  heavy  pressure,  the  coal  in  the 
pillar  working  is  rendered  of  little  value. 

The  plan  of  the  '<  Long  Wall "  system  of  working,  Fig.  11) 
Plate  28,  shows  the  difference  of  this  system  from  any  of  the  ordinary 
Yorkshire  methods  of  working  described  above.  This  is  not  an  ideal 
plan,  but  a  plan  of  the  actual  ^<  long  wall "  workings  of  the  Paikgite 
seam  at  the  Whamcliffe  Silkstone  Colliery  near  Bamsley,  Fig.  1- 
There  is  here  no  loss  in  getting  out  pillars,  as  all  the  coal  is  excavated 
at  one  operation.  The  ventilation  of  the  mine  is  at  the  same  time 
considerably  simplified,  the  current  of  air  having  altogether  a  shorter 
and  less  tortuous  course  to  follow  from  the  downcast  shafts  P  to  the 
upcast  n,  as  shown  by  the  arrows.  The  thick  dotted  line  MM 
shows  the  position  of  a  fault  in  one  portion  of  the  mine,  and  Uie 
workings  are  therefore  laid  out  at  that  part  conformably  with  the 
course  of  the  fault.  By  the  'Mong  wall''  system  a  working  f^eof 
430  yards  is  here  obtained  in  a  single  length  without  interruption,  as 
shown  at  W ;  and  in  the  lower  portion  of  the  workings  along  the 
fault  MM  another  face  has  been  opened  of  the  same  total  length  hot 
divided  into  two  shorter  faces  by  a  pillar  bord,  for  safety  and 
convenience  of  working  in  the  neighbourhood  of  the  fault,  the 
intervening  pillar  being  removed  before  that  portion  of  the  mine  ia 
abandoned. 
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Various  supports  for  the  roof  are  used  in  the  Yorkshire  seams : 
wooden  props  or  puncheons  are  adopted  in  some  cases ;  in  others  piles 
of  wooden  blocks  called  "  chocks  "  or  "  clogs,"  and  in  others  "  packs  " 
of  rock  and  shale.  Cast  iron  puncheons  also  are  now  being  extensively 
introduced,  one  of  which  is  shown  in  Figs.  17  and  18,  Plate  29. 

Two  of  the  greatest  difficulties  that  have  to  be  contended  with  in 
mining  are  Water  and  Gas.  With  regard  to  Water,  the  mines  in 
the  8outh  Yorkshire  district  are  not  in  general  heavily  watered  in 
comparison  with  other  mining  districts ;  the  workings  nearer  the 
outcrops  or  "  bassets  "  of  the  seams  are  generally  more  watered  than 
the  rest.  Except  in  some  special  instances  there  are  few  collieries 
where  large  pumping  engines  are  required:  lift  pumps  are  used 
exclusively,  and  even  tubbing  has  scarcely  ever  been  resorted  to.  A 
remarkable  inundation  occurred  a  year  ago  at  the  WooUey  Colliery  at 
Darton  near  Bamsley,  Fig.  1,  which  is  working  the  Bamsley  Thick 
eoal :  the  coal  is  drawn  up  a  long  inclined  plane  extending  from  the 
outcrop  of  the  Bamsley  Thick  seam  and  following  the  dip  of  the  seam ; 
and  the  water  is  raised  by  means  of  fiat  pumps.  On  the  Idth  April 
1861  a  sudden  irruption  of  water  into  the  workings  took  place, 
to  such  an  extent  that  they  were  almost  entirely  filled.  The  water 
entered  through  a  fissure  in  the  overlying  rock,  which  is  of  considerable 
thickness  and  is  full  of  cracks  and  fissures  towards  its  outcrop.  It 
is  probable  that  a  large  amount  of  head  or  drainage  water  had 
accumulated  in  these  fissures  while  they  remained  closed,  and  that 
they  afterwards  became  opened  by  subsidence  of  the  strata  in 
consequence  of  the  working  of  the  coal :  the  water  was  found  to  be 
drawn  away  from  a  well  in  the  rock  at  the  surface  170  yards  above  the 
coal.  The  accumulation  of  water  must  have  been  very  great,  as  it 
continued  rising  in  the  day  drift  a  fortnight  after  the  inundation  had 
occurred,  at  the  rate  of  more  than  1  foot  per  hour,  although  a  double 
10  inch  pump  had  been  kept  continuously  at  work  ;  but  its  rise  was 
subsequently  stopped  by  additional  pumping  power. 

In  the  amount  of  Qas  generated  by  the  different  seams  of  coal 
there  are  great  variations.  The  most  terrible  explosions  have  taken 
place  in  the  Bamsley   Thick   coal,  especially  at  the  Darley  Main 
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Colliery,  the  Oaks,  Warren  Yale,  and  Lnndhill:  the  Bamsley  Thick 
and  Silkstone  seams  being  speciallj  liable  to  sndden  and  powerfid 
emissions  of  gas.  The  ventilation  is  produced  by  a  famace,  shown  in 
Figs.  12  to  15,  Plate  29,  situated  at  F  in  the  diagrams,  Plates  22  to 
28,  at  the  bottom  of  the  npcast  shaft  U,  by  which  a  fresh  current  of 
ur  is  kept  continuously  flowing  through  the  mine,  so  that  any  gu 
issuing  from  the  coal  is  speedily  diluted  and  rendered  harmless.  For 
distributing  the  air  through  the  workings,  the  stoppings  S,  doors  D, 
and  regulators  R  are  arranged  in  proper  places.  The  division  of  the 
air  into  separate  ''  splits,'*  each  of  which  ventilates  a  distinct  portion 
of  the  workings  by  means  of  the  crossings  or  ''  overcasts  '*  C,  and  the 
<'  scale  doors ''  or  regulators  R,  may  be  considered,  if  properly  carried 
out,  one  of  the  best  preventives  of  explosions  in  these  very  fiery  South 
Yorkshire  mines.  All  the  return  air  should  be  conducted  into  the 
upcast  shaft  by  a  dumb  drift  N,  Figs.  12  to  16,  so  as  not  to  pass 
through  the  fire  of  the  furnace;  and  the  underground  fumaoes, 
whether  closed  or  otherwise,  should  be  fed  with  nothing  but  fresh  air 
direct  from  the  downcast  shaft. 

At  some  of  the  mines  in  the  district,  belonging  to  Earl  Fitzwilliam, 
large  fans  driven  by  steam  power  have  been  substituted  for  the  furnace 
generally  used  elsewhere ;  they  are  a  simple  and  efficient  means  of 
mechanical  ventilation,  well  worth  the  consideration  of  all  interested 
in  mining,  and  have  now  been  continuously  working  with  complete 
success  for  several  years.  In  the  early  periods  of  mining  the  only 
ventilation  was  the  natural  ventilation,  the  current  of  air  through  the 
workings  being  produced  simply  by  the  colder  and  denser  air  from  the 
downcast  shaft  displacing  the  hotter  and  rarer  atmosphere  of  the 
mine.  Sometimes  rarefaction  was  increased  by  putting  a  pan  of  coals 
in  the  upcast  shaft ;  but  the  consequence  of  such  imperfect  ventilation 
was  that  the  workings  were  sometimes  stopped  for  many  days 
together.  Natural  ventilation  could  of  course  be  adopted  only 
when  the  shafts  were  of  moderate  depth  and  the  workings  on  a 
limited  scale. 

The  introduction  of  safety  lamps  into  mines  is  of  comparatively 
recent  date.  In  the  South  Yorkshire  district  they  were  first  used 
exclusively  at  the  Oaks  Colliery,  in  the  workings  of  the  Bamsley 
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Thick  coal,  where  Stephenson  lamps  are  used  in  preference  to  Davys  ; 
and  the  use  of  safety  lamps  has  since  extended  to  many  other 
collieries.  At  the  Whamclifife  Silkstone  Colliery  near  Bamsley, 
working  the  Silkstone  seam,  Stephenson  and  Davy  lamps  are  used 
exdnsively ;  and  as  the  coalfield  is  very  much  cut  up  here  with  faults, 
&e  gas  cannot  be  *'  hied  "  away,  but  as  each  fault  is  cut  through  the 
greatest  caution  is  required  in  dealing  with  the  gas  in  the  solid  coal 
beyond,  ''in  bye.*'  In  addition  to  the  use  of  safety  lamps,  an 
abundance  of  air  should  be  taken  into  the  working  places  of  fiery 
mines.  Since  the  explosion  at  Lundhill  in  1857  safety  lamps  have 
been  ezclusiyely  adopted  there.  The  importance  of  their  use  in  fiery 
workings  was  strongly  shown  at  the  Oaks  Colliery  in  1857,  when 
an  outburst  of  gas  took  place  in  the  workings  down  the  engine 
plane,  so  violent  that  it  was  compared  to  the  roar  of  a  draught 
in  the  fomace.  All  the  Stephenson  lamps  were  put  out,  and 
the  Davy  lamps  were  ignited  internally,  the  gauze  becoming  red- 
hot.  As  the  outburst  of  gas  occurred  within  a  hundred  yards  of  the 
main  intake  to  the  upcast  shaft,  and  a  large  quantity  of  air  was 
passing  this  part  at  the  time,  the  gas  was  soon  diluted  and  carried 
away ;  and  in  less  than  an  hour  the  only  traces  that  remained  were 
found  at  one  or  two  places  where  the  floor  had  been  upheaved.  Thus 
no  doubt  a  terrible  explosion  had  been  averted  by  the  use  of  safety 
lamps ;  but  if  any  one  of  the  lamps  had  been  out  of  order,  or  the 
gauze  smeared  with  oil  or  coal  dust,  or  if  any  naked  light  had  been 
in  this  part  of  the  workings,  an  explosion  would  inevitably  have 
occurred. 

In  conclusion  it  may  be  remarked  that  the  facilities  already 
existing  by  railway  and  canal  communication  for  the  conveyance  of 
the  minerals  raised  in  this  district  to  London  and  other  markets, 
which  in  a  few  years  will  no  doubt  be  considerably  increased  by  the 
extension  of  the  railway  system, — and  the  central  situation  of  the 
district  in  the  great  midland  coalfield,  the  largest  in  England, — 
together  with  the  extent  to  which  it  yet  remains  undeveloped, — 
combine  to  give  the  South  Yorkshire  district  an  important  position 
among  the  mining  districts  of  this  country. 


N 
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The  Chaibman  enqtiired  what  were  the  principal  diffeienoes  in 
working  the  coal  bj  the  long  wall  syeteiu  and  by  Torkshire  bankwoik, 
and  what  was  the  proportionate  increase  of  yield  per  acre  in  long  wall 
working. 

Mr.  Jbffoook  replied  that  in  the  Yorkshire  bank  work,  as  shown 
in  the  diagram,  Plate  27,  a  number  of  single  ''borda"  (roads  cat 
against  the  face  of  the  coal,  transversely  to  the-  grain)  were  driven 
following  the  rise  of  the  coal ;  and  at  right  angles  to  them  a  series 
of ''  endings  "  (roads  driven  lengthways  of  the  grain,  against  the  end 
of  the  coal)  were  cut  into  the  intervening  coal,  which  was  then  worked 
out,  with  the  exception  of  a  certain  thickness  left  on  each  side  of  the 
bords  to  serve  as  pillars  for  supporting  the  roof  over  the  bords,  in 
order  to  keep  them  open  for  getting  the  coal  out  and  maintaining  the 
ventilation.  The  great  difficulty  in  the  bank  work  was  in  maintsining 
the  ventilation  properly  up  to  the  working  &ces  while  they  were 
being  pushed  on  into  the  solid  coal  beyond  the  last  pair  of  endings 
opened,  before  the  next  ending  was  reached,  as  shown  at  WW  on  Ihe 
plan ;  because  at  this  time  the  working  face  was  out  of  the  direct  line 
of  the  civrent  of  ventilation,  and  the  air  could  not  be  efficiently  kept 
close  up  to  the  workings.  There  was  also  a  great  loss  in  the  qusntitf 
of  coal  that  had  to  be  left  in  the  mine  in  the  pillars ;  and  if  these  were 
afterwards  got  out  in  a  second  working,  the  cost  of  working  them  wm 
very  great,  and  the  coal  itself  was  so  much  crushed  as  to  be  greatly 
deteriorated  in  value.  But  in  the  long  wall  system  now  being  adopted, 
as  shown  in  the  plan  of  the  long  wall  working  at  the  Whandiffe 
Colliery,  Plate  28,  all  second  working  to  get  out  pillars  was 
avoided,  the  whole  of  the  coal  being  worked  out  at  one  operation. 
The  yield  of  coal  per  acre  was  therefore  much  greater  in  the  long  wall 
mode  of  working,  and  its  value  was  increased  by  the  diminution  in  the 
quantity  of  small  coal  and  slack  produced  by  the  wcHrking :  there  was 
also  less  expense  in  running  the  few  long  headings  required  in  long 
wall  working  than  in  driving  the  great  number  of  shorter  ones 
required  in  bank  work.  Moreover  the  working  face  was  always  in  the 
line  of  the  ventilation,  without  any  blind  recesses  into  which  the  air 
would  not  enter ;  and  the  current  of  air  passed  along  the  entire  face  of 
the  workings  throughout  its  whole  length. 


SOUTH   TOBKSHnUB  €X>AL  MDVINO.  81 

Mr.  W.  Mathiws  enquired  what  was  the  oomparative  cost  of 
getting  tbe  coal  by  these  two  modes  of  working. 

Mr.  Jbffoook  replied  that  the  cost  of  getting  would  be  about  the 
same  at  the  working  faces  in  each  case ;  bnt  the  total  cost  including 
''dead"  charges  was  greater  in  bank  work  than  in  long  wall  work,  on 
account  of  the  expense  of  driving  so  many  more  passages  in  the 
fonaer  plan. 

Mr.  J.  E.  SwiHBBLL  remarked  that  the  larger  amount  of ''  dead  '* 
work  on  the  roads  in  bank  work  must  of  course  increase  the  cost  of 
opening  the  mine ;  and  the  long  wall  system  appeared  much  superior 
in  requiring  fewer  roads  for  winning  the  coal.  It  was  also  less 
expensive  to  cut  a  few  gate  roads  of  large  size  than  a  great  number 
of  smaller  roads.  He  asked  what  leng^  of  face  was  being  worked  on 
ibe  long  wall  plan  at  the  Whamcliffe  Colliery  shown  in  the  diagram. 

Mr.  Jbffoock  said  the  working  face  at  that  colliery  was  400  yards 
in  a  continuous  length,  and  the  second  face  in  the  nearer  portion  of 
the  workings  was  also  of  the  same  length,  but  subdivided  by  a  pillar 
bord  into  two  lengths :  the  total  length  of  face  was  therefore  800  yards 
working  on  the  long  wall  system. 

Mr.  J.  E.  Swindell  supposed  there  would  be  a  limit  to  the 
length  of  face  that  could  be  worked  on  the  long  wall  plan,  depending 
upon  the  quantity  of  coal  that  could  be  convenientiy  brought  down  the 
main  gate  roads  at  one  time.  He  enquired  whether  the  coal  from  the 
whole  of  the  400  yards  working  face  was  got  out  into  the  main  gate 
roads  through  the  single  opening  at  each  end  of  the  face,  or  whether 
intermediate  gob  roads  or  packed  roads  were  maintained  through  the 
goaf  for  conveying  the  coals  got  from  the  middle  portion  of  the 
working  face.  If  packed  roads  had  to  be  maintained  for  this  purpose, 
it  would  diminish  the  superiority  of  the  long  wall  system  as  compared 
with  other  modes  of  working  in  respect  of  cost. 

Mr.  Jbpfoook  said  in  opening  a  new  face  of  work  the  coal  was 
brought  out  through  the  intermediate  packed  roads  into  the  main  gate 
road ;  but  as  the  working  face  was  carried  further  forwards,  they  were 
grtdnally  abandoned  and  the  roof  allowed  to  fall  in,  their  outer  ends 
next  the  gate  road  being  closed  by  stoppings  to  preserve  the 
ventilation.    To  save  the  expense  of  keeping  these  packed  roads  in 
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repair,  new  top  levels  were  driyen  in  the  solid  coal  at  the  distanoe 
beyond  which  the  packed  roads  would  notcany  without  greater  expense; 
and  the  pillars  were  afterwards  got  out  along  the  sides  of  the  lereU. 
At  the  Whamcliffe  Colliery  there  were  three  main  gate  roads,  worked 
as  self-acting  inclines,  down  which  the  whole  of  the  coals  from  the 
two  /aces  of  work  were  brought  to  the  winding  shaft. 

Mr.  W.  Matbbws  asked  what  was  the  inclination  of  the  gate 
roads. 

Mr.  Jbffoook  replied  that  they  were  driven  according  to  the 
inclination  of  the  coal,  so  as  to  be  worked  as  self-acting  indmes, 
the  dip  of  the  coal  being  1  in  12. 

The  Chairman  observed  that  it  was  very  important  to  get  as  much 
large  coal  as  possible,  and  undoubtedly  more  large  coal  could  be  got 
by  a  long  face  of  work  than  by  a  short  one.  He  enquired  how  far  this 
result  had  been  obtained  at  the  Whamcliffe  Colliery. 

Mr.  Jbffoook  said  the  size  of  the  coal  got  depended  upon  its 
structure,  and  the  Parl^ate  seam  worked  at  the  Whamdiffe  Collieiy 
on  the  long  wall  system  was  of  a  cubical  structure,  easily  breaking  q) 
short  in  working,  so  that  the  long  wall  system  did  not  give  so  miich 
advantage  in  this  instance  in  yielding  the  coal  large.  But  coal  of  a  long 
fibrous  character,  like  some  of  the  Derbyshire  coals,  could  be  worked 
very  large  without  difficulty. 

Mr.  J.  E.  SwiKDBLL  asked  whether  the  long  wall  system  wis 
equally  applicable  for  soft  coal  as  for  hard. 

Mr.  Jbffoook  replied  that  the  long  wall  system  was  equally 
suitable  for  both,  the  only  difference  in  the  mode  of  applying  it  being 
that  the  hard  coal  was  worked  ''on  the  face*'  (the  workings  being 
carried  forwards  transversely  to  the  grain  of  the  coal),  while  the  soft 
coal  was  generally  worked  ''on  the  end."  With  coal  of  cubical 
structure  however  it  mattered  little  which  way  the  coal  was  worked,  and 
at  the  Whamcliffe  Colliery  the  working  was  on  the  face  of  the  coal. 

Mr.  J.  E.  SwiNDBLL  enquired  what  was  the  cost  of  getting  the 
coal  by  the  long  wall  system. 

Mr.  Jbffoook  replied  that  the  cost  of  getting  alone  was  about 
Is.  bd.  per  ton,  exclusive  of  winding  power,  plant,  sinking  the  shafts, 
sending  out  or  conveyance  of  the  coal  underground,  and  making  and 
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maintaming  the  roads :  but  the  rate  of  labour  in  South  Yorkshire  was 
nearly  15  per  cent,  in  excess  of  other  colliery  districts. 

The  Chaibmah  asked  how  the  <^  deep  "  coal  was  won  from  the 
lover  side  of  the  shaft ;  whether  a  second  shaft  was  sank  for  the 
purpose.  He  supposed  in  laying  out  the  colliery  the  pit  would  be 
planted  in  such  a  position  as  to  win  the  coal  as  much  as  possible  to 
the  rise. 

Mr.  JsFFOOOK  said  the  winning  of  the  deep  coal  involved  an 
nnderground  engine  for  hauling  it  up  to  the  pit  bottom,  or  else  the  ropes 
must  be  sent  down  the  shaft  from  an  engine  on  the  surface  ;  and  a  flat 
pnmp  worked  by  the  engine  must  be  put  down  for  drainage,  following 
the  dip  of  the  coal.  But  if  the  coal  was  much  watered  it  was  better 
to  sink  a  second  piunping  shaft  for  draining  the  deep  coal,  and  the 
same  shaft  could  then  be  used  also  for  winding  if  required. 

The  GHAiRXAir  enquired  where  the  flat  pumps  were  principally 
used,  and  what  was  the  extreme  length  through  which  they  had  been 
worked. 

Mr.  Jeffoock  said  the  flat  pumps  were  mainly  used  near  the 
outcrop  of  the  coal,  at  collieries  worked  by  an  adit,  for  draining 
workings  in  the  deep  when  there  was  not  much  water.  At  the  Woolley 
CoUieiy  at  Darton  near  Bamsley,  which  was  worked  by  an  adit  from 
the  outcrop  of  the  Bamsley  Thick  coal  following  the  dip  of  the  seam, 
the  flat  pump  extended  a  long  length,  from  the  outcrop  to  the  furthest 
extremity  of  the  workings,  and  was  a  double  plunger  pump  with 
working  barrels  10  inches  in  diameter.  On  occasion  of  the  inundation 
at  this  colliery,  mentioned  in  the  paper,  the  second  flat  pump  was  put 
down  for  clearing  the  pit,  the  pump  barrel  being  gradually  moved 
forwards  as  the  water  lowered. 

The  Chaibmah  asked  whether  the  pump  trees  were  of  wood,  and 
only  the  working  barrel  and  suction  nozzle  of  iron. 

Mr.  Jbffoook  replied  that  the  pump  trees  were  ordinary  castings, 
and  only  the  spears  were  of  wood,  working  upon  rollers  at  one  side  of 
the  adit:  the  pumps  were  ordinary  plunger  pumps  delivering  the 
water  through  a  cast  iron  pipe  extending  to  the  mouth  of  the  adit,  or 
to  a  level  that  might  be  cut  through  the  measures  to  intersect  the 
adit. 
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Mr.  W.  Mathbws  said  that  at  Olongh  Hall  GolUeiy  nesr  Stoke- 
npon-Trent  a  flat  pomp  was  used  for  a  distance  of  100  yards  following 
the  dip  of  the  coal  at  an  inclination  of  1  in  4  or  5,  and  it  was  aboat 
being  extended  to  200  yards :  the  pmnp  trees  and  working  barrel 
were  of  cast  iron. 

The  Chairhait  enquired  what  was  the  weight  and  cost  of  the  eut 
iron  puncheons  or  props  nsed  for  supporting  the  roof,  and  whether 
they  were  always  managed  to  be  got  out  of  the  mine  again  withoat 
loss.  In  some  of  the  Staffordshire  pits  where  they  had  been  used,  tke 
difficnlty  had  been  to  get  them  all  out  again. 

Mr.  JsFFOOOK  showed  a  full  size  model  of  one  of  the  cast  iron 
puncheons,  8  feet  9  inohes  high,  and  said  they  were  made  to  mi 
the  height  of  the  seam,  weighing  from  )  owt.  to  1  ewt.  each,  and 
costing  from  4^.  to  6^.  each.  They  were  giren  out  to  a  set  of  men 
whose  sole  business  was  to  attend  to  the  fixing  of  ihem  and  momg 
them  forwards  as  the  workings  advanced ;  and  were  required  to  be 
delivered  up  again  whole  or  broken,  otherwise  the  men  were  debited 
with  the  cost  of  those  missing.  The  men  were  well  used  to  the  work, 
and  generally  managed  to  get  all  the  puncheons  out  safely  and  witiioat 
loss :  on  withdrawing  the  hindmost  row  of  puncheons  in  the  goaf  the 
roof  did  not  generally  fall  in  immediately,  but  some  interval  elapsed 
before  it  came  down,  allowing  time  for  the  men  to  get  all  eleared  away; 
in  the  neighbourhood  of  faults  however  there  was  more  danger,  and 
great  caution  was  then  needed. 

Mr.  J.  E.  Swindell  asked  how  many  of  the  cast  iron  puncheons 
were  used  in  a  mine. 

Mr.  Jbffoook  said  sometimes  as  many  as  8000  or  4000  cast 
iron  puncheons  were  used  in  a  single  mine,  costing  therefore  from 
£800  to  £1000. 

The  Chairman  enquired  whether  the  saving  had  been  dearly 
ascertained  of  using  cast  iron  props  instead  of  wood.  This  was  a 
question  of  great  importance  at  the  present  time ;  for  when  snch  a 
large  number  of  props  were  required  in  a  single  mine,  the  extensive 
adoption  of  iron  props  if  found  advantageous  would  afford  an  oyeaing 
for  the  use  of  iron  in  colliery  workings. 
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Mr.  JsFFOooK  ootild  not  give  the  actual  oomparatiye  cost  of  cast 
iron  and  wood  props,  bat  understood  the  cast  iron  puncheons  had  been 
found  deddedlj  adrantageous  where  used,  and  preferable  to  wood 
props.  The  use  of  cast  iron  however  depended  altogether  on  the 
nature  of  the  roof  and  floor  of  the  mine ;  where  either  of  these  was 
soft,  an  iron  puncheon  was  of  no  use,  as  it  would  go  in  like  a 
skewer. 

Mr.  J.  Murphy  asked  what  was  the  cost  of  timbering  the  mines 
in  the  South  Yorkshire  district  per  ton  of  coal  raised. 

Mr.  JsFFOooK  replied  that  at  collieries  raising  a  good  quantity  of 
coal  the  cost  of  timbering  amounted  on  the  average  to  about  Id.  per 
ton  of  coal  raised. 

Mr.  J.  MuBPHT  asked  whether  that  cost  included  timbering  the 
roads.  In  South  Wales  the  cost  of  props  was  generally  reckoned  at 
M.  or  4d,  per  ton  of  coal  raised,  including  timbering  the  main  roads, 
at  collieries  raising  600  to  800  tons  per  daj. 

Mr.  Jbffoook  said  the  cost  of  Id,  per  ton  of  coal  was  only 
for  the  timber  props  supporting  the  roof  at  the  working  faces,  which 
vers  moved  forwards  after  each  day's  work;  but  if  the  gate  roads 
required  timbering  the  cost  would  of  course  be  much  greater.  Most  of 
the  packed  roads  however  through  the  goaf  were  built  up  with  bind 
or  shale  from  the  roof  and  not  timbered. 

Mr.  W.  P.  Bbalb  knew  of  two  pits  working  in  the  same  seam  of 
ooal,  one  with  wrought  iron  props  and  the  other  with  wood,  and 
understood  the  cost  was  decidedly  in  favour  of  the  iron  props.  One 
cf  the  pits  was  at  Messrs.  Beale*s  Colliery  at  Scholes  near  Ghapeltown, 
in  the  Paricgate  coal,  where  the  wrought  iron  props  had  been  used 
since  the  commencement  of  the  working  about  eight  years  ago :  the 
iron  for  the  props  was  rolled  of  a  cross  section,  about  4}  inches  width 
each  way  and  g  inch  thickness  in  the  ribs  (see  Figs.  19  and  20, 
Plate  29),  which  was  cut  into  the  required  lengths  of  about  from 
4  feet  to  7  feet  to  form  the  props ;  a  flat  circular  cap  was  then  welded 
npon  each  end,  and  a  ring  shrunk  on  in  the  middle  for  convenience  in 
pulling  out  and  prizing  the  props.  The  other  pit  using  wood  props 
was  the  Newbold  Colliery  near  Chesterfield,  where  the  same  seam  was 
worked  under  the  name  of  the  Potter's  coal;  but  the  roof  at  the 
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former  pit  was  much  harder  than  at  the  other,  allowing  the  wrought 
iron  puncheons  to  be  employed  advantageoasly.  Similar  wrought  iron 
props  had  also  been  nsed  for  the  last  ten  years  in  Earl  Fitzwilliun's 
pits  at  Elsecar  and  Parkgate,  working  the  Bamsley  Thick  coal  of 
abont  7  feet  thickness. 

The  Ghaibman  enquired  how  much  coal  could  be  drawn  per  daj 
out  of  one  pit  with  the  long  wall  system,  in  the  Silkstone  or  the 
Parkgate  seam,  with  a  total  working  face  of  800  yards  length. 

Mr.  JsFFOooK  said  in  reference  to  the  8ilkstone  seam  it  coold  not 
be  worked  in  such  a  long  face  as  800  or  even  400  yards,  on  acooimt 
of  the  tender  nature  of  the  roof.  But  as  regarded  the  general 
question  of  the  quantity  of  coal  that  could  be  got  by  the  long  mil 
system,  he  thought  the  real  limit  must  be  considered  to  be  the 
engine  power  for  raising  the  coal;  for  by  extending  the  length  of 
working  face  and  increasing  the  number  of  men,  enough  coal  could 
always  be  got  to  employ  the  whole  engine  power  available.  As  a  case 
of  actual  working  howeyer  the  Oaks  Colliery  near  Bamsley  might  be 
named,  working  in  the  Bamsley  Thick  coal,  where  600  tons  per  dxj 
were  now  being  regularly  drawn  by  one  winding  engine,  and  sometimes 
as  much  as  800  tons  per  day  :  both  shafts  were  used  for  winding,  and 
were  about  250  yards  deep.  It  was  at  this  colliery  that  safely  lamps 
were  first  used  exclusively  in  the  district,  the  men  having  previously 
beHeved  it  impossible  to  work  entirely  with  safety  kmps,  but  this  had 
now  been  done  regularly  ever  since  their  first  introduction  there; 
and  it  was  a  fact  worthy  of  notice  that  the  large  quantity  of  600  to 
800  tons  per  day  was  worked  entirely  with  safety  lamps,  proving  thst 
the  use  of  them  did  not  involve  any  jnterference  with  the  rate  of 
working. 

The  Chairman  enquired  whether  gas  was  employed  for  lighting  in 
any  of  the  collieries. 

Mr.  Jbffgook  said  it  was  not  used  in  any  of  the  collieries  in  the 
South  Yorkshire  district. 

He  explained  that  the  paper  was  originally  intended  to  be  readj 
for  the  meeting  at  Sheffield  in  the  previous  year,  in  order  to  be  read 
in  the  district  to  which  it  belonged,  but  he  had  been  unexpected!/ 
prevented  from  getting  it  ready  then. 
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The  Ghaibxan  considered  the  paper  instead  of  being  at  all  ont  of 
place  in  now  being  read  and  discussed  in  the  Staffordshire  district  was 
the  more  acceptable,  for  it  was  only  by  the  commnnication  of  such 
infonnation  from  one  district  to  another  that  improved  modes  of 
working  could  be  introduced  and  greater  economy  arriyed  at :  he  was 
sure  the  information  now  given  about  the  South  Yorkshire  coalfield 
wonld  be  highly  appreciated  in  the  Staffordshire  district.  Valuable 
opportonities  were  thus  afforded  by  the  meetings  of  the  Institution  for 
extending  the  experience  of  the  members,  and  he  believed  advantage 
was  always  derived  from  the  papers  read  and  the  information  elicited 
in  diaoDsnon.  He  proposed  a  vote  of  thanks  to  Mr.  Jeffcock  for  his 
paper,  which  was  passed. 


The  foUowing  paper  was  then  read : — 


o 
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DESCRIPTION  OF  A  FEED-PIPE  CONNEXION 
FOR  LOCOMOTIVE  ENGINES. 


Bt  Mr.  ALEXANDER  ALLAN,  OF  Perth. 


Various  constructions  of  Feed-pipe  Connexion  between  looomotite 
engines  and  tenders  have  been  used  at  different  times ;  but  the  double 
ball-and-socket  plunger  pipes,  made  of  brass,  are  most  genenllj 
applied,  in  order  to  hare  a  continuous  metallic  connexion,  alloiring  of 
blowing  steam  through  into  the  tender  without  injury.  These  however 
are  very  expensive,  requiring  great  nicety  of  fitting  and  much  care  in 
their  management  in  work;  and,  in  consequence  of  sand  and  dirt 
getting  in  at  the  moyeable  parts,  they  inyolve  a  serious  outlay  for 
maintenance,  and  in  practice  it  is  ahnost  impossible  to  keep  tihem 
perfectly  tight,  while  if  the  joints  be  too  tightly  screwed  up  there  is 
risk  of  the  feed-pipes  breaking. 

To  obviate  these  defects  and  obtain  a  continuous  metallic  connexion 
comparatively  inexpensive  both  in  first  cost  and  maintenance,  and 
combining  simplicity,  durability,  and  efficiency,  the  writer  bs 
substituted  the  connexion  shown  in  Figs.  1  and  2,  Plate  30,  oonfiifiting 
of  a  simple  brass  or  copper  tube  A,  coiled  to  a  circle  of  considerable 
diameter,  so  as  to  have  sufficient  elasticity  to  allow  for  the  vertical 
disturbance  due  to  the  unequal  deflection  of  the  engine  and  tender 
springs,  and  also  for  the  extreme  lateral  range  required  in  going 
round  the  sharpest  curves,  with  a  minimum  strain  on  the  joints. 
A  solid-drawn  brass  tube  is  employed,  varying  from  No.  17  to 
No.  14  wire-gauge  in  thickness  or  *060  inch  to  *085  inch,  coiled  to 
a  circle  of  8  feet  to  3}  feet  diameter,  as  shown  in  Fig.  2. 

In  order  to  offer  less  resistance  to  bending,  the  tubes  are  made 
elliptical  in  section,  about  2)  inches  deep  by  1}  inch  broad,  as  shown 
full  size  in  Fig.  4,  Plate  31.     Tubes  of  circular  section  2  inches  in 
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ditmeter,  as  shown  fall  size  in  Fig.  5,  bsTe  also  been  used,  bat  they 
are  more  rigid  than  the  elliptical  tubes.  Experiments  have  been 
made  to  ascertain  the  amount  of  force  necessary  to  stretch  and 
compress  the  coiled  tube  and  also  to  deflect  it  vertically  and  laterally 
through  the  extreme  range  required  in  practice;  and  the  results 
show  that  the  elliptical  tube  has  the  advantage  in  elasticity,  the  first 
inch  of  deflection  requiring  only  about  80  lbs.  pressure,  while  a  total 
pressure  of  from  90  to  100  lbs.  is  sufficient  to  produce  the  extreme 
deflection  of  about  8  inches  in  any  direction;  up  to  this  pressure 
there  is  no  permanent  set  and  consequently  no  fear  of  the  tube 
collapsing  in  any  part.  The  experiments  have  been  extended  with 
the  elliptical  tube  up  to  8}  inches  movement  in  any  direction, 
giring  a  total  range  of  7  inches,  up  to  which  the  tube  may  be 
strained  safely ;  beyond  this  limit  a  permanent  set  is  produced.  In 
practice  however  the  total  range  in  any  direction  never  exceeds 
5  inches,  or  2}  inches  on  each  side  of  the  central  position,  leaving 
a  sufficient  margin  of  elasticity  to  prevent  injury  to  the  tube.  With 
a  thinner  tube  or  one  coiled  to  a  larger  circle  an  increased  range 
could  be  obtained  if  desired. 

The  connecting  tube  A  is  attached  to  both  engine  and  tender 
by  means  of  the  ordinary  screw  and  tail  pipe  couplings  BB,  Figs.  1 
and  2,  Plate  80,  the  tail  pipes  being  brazed  upon  the  circular  ends 
of  the  tube,  as  shown  in  the  section,  Fig.  8,  Plate  81.  It  is  placed 
above  the  axle  and  suspended  to  the  foot  plate  by  short  chains  0, 
as  shown  in  Fig.  1,  so  that  the  wheels  can  be  removed  without 
interfering  with  the  feed-pipe  connexion,  and  it  is  less  liable  to 
damage  should  the  engine  get  off  the  rails  than  the  ordinary  ball- 
and-socket  couplings.  The  connecting  tube  is  placed  central  in  the 
engine  whenever  practicable,  so  that  the  angular  deflection  produced  in 
nmning  round  curves  is  reduced  to  the  minimum ;  but  it  can  be  fixed 
without  any  practical  objection  in  the  usual  side  position  of  the  feed- 
pipe, as  shown  in  the  plan.  Fig.  2,  so  as  to  admit  of  ready  application 
to  existmg  engines  and  tenders.  Figs.  1  and  2  show  the  connexion 
applied  to  an  engine  fitted  with  an  injector  D  for  supplying  the 
boiler;  and  the  dotted  lines  E  show  the  end  of  the  tube  when  a 
pmnp  is  used. 


90  nnp-pira  oomnxiov. 

This  connexion  has  been  fitted  to  a  nnmber  of  looomotxres  on  the 
Scottish  Central  Railway,  inclnding  some  laige  goods  engines;  sod  it 

m 

has  been  subjected  to  serere  tests  during  the  last  twelve  months,  and 
has  giyen  every  satisfaction.     In  the  engines  on  this  railwij  the  ]to 
of  coupling  between  the  engine  and  tender,  drawing  as  well  ss  bdBBg 
on  a  heary  laminated  spring,  allows  more  movement  than  is  usual, 
amounting  to  a  play  of  2  inches  between  the  engine  and  tender,  and 
the  connecting  tube  is  6  inches  out  of  the  centre ;  but  even  under 
these  conditions  no  failure  of  the  connecting  tube  has  occurred*    The 
dimensions  of  the  engine  to  which  it  has  been  longest  attadied  are : 
diameter  of  cylinder  16  inches,  stroke  20  inches,  driving  wheel  6  feet 
diameter,  steam  pressure  in  boiler  180  lbs.  per  square  inch,  and  boiler 
supplied  with  one  No.  9  injector ;  and  the  connecting  tube  has  now 
been  continuously  working  upon  this  engine  for  nearly  twelve  months 
with  complete  success,  the  engine  having  run  about  20,000  miks 
during  the  time.     This  tube  has  been  taken  off  the  engine  and 
is  now  exhibited  to  the  meeting :  it  is  of  circular  section  and  dmply 
secured  with  soft  solder,  and  there  is  not  the  slightest  sign  of  its 
giving  way,  showing  that  it  is  fully  equal  to  its  work.     A  specimen 
is  also  exhibited  of  a  connecting  tube  of  oval  section,  used  on  large 
coupled    engines:    in  its  manufacture  the  tube 'is   swaged  oval  in 
proper    cresses,    and    is  then  filled  with  resin  and  coiled  to  tiie 
required  circle  round  the  cast  iron  blocks  used  for  blocking  tyres. 


The  Chaibican  regretted  Mr.  Allan  had  been  unexpectedly 
prevented  ft'om  being  present. 

Mr.  Sampson  Llotd  believed  a  somewhat  similar  plan  of  conpling 
had  been  tried  on  the  South  Western  Railway,  but  did  not  know 
whether  it  had  been  suocessfdlly  carried  out  on  that  line. 

Mr.  D.  Jot  thought  the  new  coupling  was  the  best  connexion  he 
had  seen,  and  mueh  superior  to  either  the  ball-and-socket  coupling  or 
the  flexible  hose  pipes. 
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The  Ohaibmah  enquired  what  was  the  cost  and  dnrabilily  of  the 
OTdinary  hose  pipes. 

lir.  D.  Jot  said  the  flexible  hose  pipes  of  canvas  and  india- rubber 
were  the  simplest  connexion,  and  cost  only  about  7$.  6d,  each ;  but  their 
dnrabOity  was  very  uncertain ;  they  lasted  twelve  months  with  proper 
care  if  made  of  good  material,  but  sometimes  &iled  in  a  single 
month.  He  thought  the  coupling  now  shown  seemed  as  good  in 
simplicity  and  was  much  superior  in  durability ;  and  it  had  an 
advantaga  in  being  placed  close  up  under  the  foot  plate,  where  it 
would  be  out  of  the  way  of  injury  if  the  engine  got  off  the  rails. 

Mr.  J.  MuBPHT  suggested  that  an  iron  tube  might  be  used,  as 
cheaper  than  brass  or  copper. 

Mr.  D.  Jot  thought  the  extra  cost  of  the  brass  or  copper  tube 
would  be  sayed  in  the  manufacture,  from  the  greater  ease  of 
manipulation  compared  with  iron,  the  total  weight  of  metal  being 
80  small ;  an  iron  tube  would  also  be  more  rigid,  while  the  greater 
elasticity  of  brass  or  copper  would  increase  the  durability  of  the 
coupling. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Allan  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 


PROCEEDINGS. 


1,  2,  AND  3  JULT,  1862. 


The  AsnsuAL  Special  Mbetimo  of  the  Members  was  held  in  the 
Lecture  Theatre  of  the  Royal  Institution,  Albemarle  Street,  London, 
on  Taesday,  Ist  July,  1862 ;  Sir  William  G.  Arhsteono,  President, 
in  the  Chair. 

The  Minutes  of  the  last  (General  Meeting  were  read  and  confirmed^ 
The  Chaibm AN  announced  that  the  Ballot  Lists  had  been  opened 
hy  the  Committee  appointed  for  the  purpose,  and  the  following  New 
Members  were  duly  elected  : — 

MBHBBftS. 

BoBBRT  Angus,  • 


HsHET  Beokbtt,    . 
Galbb  Bloombe, 
Nblson  Botd, 
John  Farmbb,    . 
Bamubl  Godfrey,  . 
WiLLLiM  J.  W.  Heath, 

PSTBB  EmILB  HuBER, 

Joseph  Knott,  • 
John  Llotd, 
HuoH  MoPhbrson, 
Fbanoib  C.  Miers, 
John  Millward, 
John  B.  Rayenhill, 
John  Silvester, 
William  Thompson, 
Julian  Horn  Tolmb, 
Richard  Watkins, 
Perot  G.  B.  Westmacott, 


Stoke*upon-  Trent. 

Wolverhampton. 

Westbromwich. 

Hartington. 

Dudley. 

Middlesborough. 

Birmingham. 

Zurich. 

Leigh. 

Wellington,  Salop. 

Gloucester. 

Broadstairs. 

Stourbridge. 

London* 

Westbromwich. 

Newcasile-on-Tyne. 

London. 

London. 

Newcas  tie-on- Tyne. 


The  President  then  delivered  the  following  address : — 
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ADDRESS    OF    THE    PRESIDENT. 


The  annual  meeting  of  the  Institation  in  the  present  year  oocnn 
mider  circnmstances  of  peculiar  interest.     The  metropolis  in  which  ve 
are  assembled  has  for  a  while  become  the  centre  of  the  ciyilised  world; 
and  the  Great  Exhibition  nrhicL  marks  the  period  of  onr  meeting  is  an 
event  of  real  moment  in  the  history  of  nations.     This  year's  gathering 
of  onr  Institution  is  therefore  of  a  somewhat  special  nature ;  and  I 
believe  that  by  directing  the  remarks  which  I  have  again  the  honoar  to 
make  to  you  from  this  chair  chiefly  to  the  subject  of  the  International 
Exhibition  of  1862,   and  particularly  to  that  portion  of  it' which 
comprises  the  works  of  Mechanical  Engineers, '  I  shall  act  most  in 
accordance  with  your  wishes  and  the  spirit  of  the  occasion.     I  urn  the 
more  induced  to  do  so  from  the  circumstance  that  the  first  of  these 
large  annual  meetings  of  the  Institution  was  held  in  London  during 
the   former   International   Exhibition,   on  which  occasion  the  late 
lamented  Robert  Stephenson*  was  your  President. 

In  commenting  upon  the  present  Exhibition  it  is  impossible  to 
abstain  from  some  referenice  to  its  precursor  of  1851.  Unhappily  the 
retrospect  is  a'  sad  as  well  as  a  "fitting  one  ;  for  we  can  never  forget 
that  the  chief '  difference  between  the  Exhibitions  of  1851  and  1862  is 
that  over  the  latter  there  has  been  thrown  a  shade  of  mourning.  The 
author  of  both  Exhibitions  saw  his  first  "work  finished,  and  enjdyed  its 
well  earned  fruits ;  but  he  has  not  been  spared  for  the  completion  of 
his  later  task.  We  engineers,  of  all  men,  should  lament  the  death 
of  the  Prince  Consort,  whose  exalted  rank  never  blinded  him  (o  ^e 
true  dignity  of  labour.  Though  he  favoured  science  in  every  branch, 
as  well  in  the  abstract  as  in  its  practical  applications,  yet  he  showed 
an   evident  preference  for  those  scientific  pursuits  which  lead  to 
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tangible  refialts  ;  and  we  maj  feel  sure  that  lie  wotQd  have  rejoiced  as 

heartily  as  any  of  us  at  the  progress  in  mechanical  engineering  which 

is  60  strongly  marked  in  the  present  Exhibition.     Had  he  lived,  the 

disparaging  criticisms  upon  the  Exhibition  which  hare  from  time  to 

time  been  made  would  probably  never  have  been  heard.     If  it  wero 

necessary  to  relieve  any  class  of  exhibitors  from  the  false  charge  of 

mere  commercial  display,  in  no  case  would  it  be  easier  to  do  so  than  ill 

that  of  the  mechanicians.     For  my  part  I  find  it  hard  to  account  for 

the  enterprise,   the   courage,   and  the  self-sacrifice  of   the    many 

exhibitors  both  from  this  and  other  countries,  who,  from  a  mere  sens^ 

of  the  obligations  imposed  on  them  by  their  position  in  their  respective 

callings,  or  from  purely  public  spirit,  have  by  a  great  effort  and  at  a 

most  unremunerative  expenditure  rendered  the  mechanical  department 

in  the  Exhibition  perhaps  the  most  interesting  and  the  most  valuable 

of  all.     The  mere  association  of  the  Princess  name  and  his  early 

labonrs  in  connexion  with  this  very  Exhibition  should  save  it  from 

any  unworthy  iniputations,   and  recall   those  noble  principles   and 

considerations  which  he  has  told  us  were  the  motive  and  origin  of  all 

international  displays.     Let  me  remind  you  of  the  words  in  which  he 

first  announced  the  objects  of  the  former  Exhibition  at  the  banquet 

given  by  the  Lord  Mayor  in  March  1850  to  the  mayors  of  nearly  every 

corporate  town  in  the  kingdom.     *^  Nobody,"  said  he  on  that  occasion^ 

'*  whahas  paid  any  attention  to  the  particular  features  of  our  present 

'*  era  will  doubt  for  a  moment  that  we  are  living  at  a  period  of  most 

*' wonderful  transition,  which  tends  rapidly  to  accomplish  that  great 

"  end  to  which  indeed  all  history  points, — the  realisation  of  the  unity 

'*  of  mankind :  not  a  unity  which  breaks  down  the  limits  and  levels 

"the  peculiar  characteristics  of  the  different  nations  of  the  earthy 

"but  rather  a  unity,   the  result  and  product  of  national  varieties 

"and  antagonistic  qualities."     "  Science,"  he  continued,  "discovers 

"the  laws  of  power,  motion,  and  transformation.     Lidustiy  applies 

"  them  to  the  raw  matter  which  the  earth  yields  us  in  abundance,  but 

"which  becomes  valuable  only  by  knowledge.     Art  teaches  us  the 

"immutable  laws    of  beauty   and    symmetry,    and   gives    to   our 

"productions  forms  in  accordance  with  them."     "Gentlemen,"  he 

•said, "  the  Exhibition  of  1851  is  to  give  us  a  true  test  and  living 
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''  picture  of  the  point  of  development  at  wludi  tbe  iriiole  of  nuatinii 
'<  has  srrired  in  this  great  task,  and  a  new  atarting  point  from  lAoA. 
^'  all  nations  will  be  able  to  direct  their  fatnre  exertions."  Siieh  ven 
the  Prince's  words  on  that  oocadony  and  they  uppij  with  eqnalfbreeto 
the  present  Exhibition. 

It  seenis  to  me  that  the  most  strilang  characteristie  of  Inteniatioiiftl 
Exhibitions  is  that  they  define  epochs  in  the  continnoas  coone  of 
industrial  progress,  and  render  the  adrance  attained  in  each  poiod 
appreciable  by  reference  to  the  preceding.  Another  attribate  is  tiut 
in  each  Exhibition  the  deficiencies  of  every  ccmtribotor  are  brought 
home  to  himself  with  a  force  which  no  other  meana  conld  exercise,  and 
the  strongest  possible  stimnlos  is  in  this  way  given  to  indiTidul 
exertions.  Thus  in  1851  every  contributor  saw  for  the  first  time  las 
own  products  placed  side  by  side  with  those  of  competitofs  from  tU 
parts  of  the  world,  and  was  irresistibly  made  aware  of  his  own  ihortr 
comings.  The  new  Exhibition  shows  how  far  the  contribntors  htve 
understood  the  lessons  they  received  ten  years  ago,  and  to  what  extent 
they  have  learnt  and  profited  by  them.  No  doubt  the  schooling  whidi 
the  English  exhibitors  had  in  1851  was  chiefly  upon  points  of  taste: 
yet  it  was  not  without  application  to  subjects  within  the  field  and 
province  of  engineering,  and  I  think  we  shall  be  ready  to  say  tbat 
engineers  have  decidedly  gained  something  from  the  Exhibition  of 
1851,  and  that  the  proof  is  afforded  by  the  Exhibition  of  1862. 

There  is  one  remarkable  distinction  between  the  two  ExhiHtions 
which  I  am  peculiarly  called  upon  to  notice.  Most  of  us  maj 
remember  to  have  seen  in  the  first  building  one  or  two  field  guns, 
which  were  generally  thought  to  be  out  of  place  and  inconsistent  with 
the  character  and  object  of  the  whole  display.  In  the  present  building 
we  all  know  that  arms  and  armour  are  predominant.  Besides  rifled 
artillery  there  are  rifled  small  arms,  together  with  armour  plates  and 
beautiful  models  of  iron  plated  ships,  all  of  which  represent  war,  and 
make  up  a  very  formidable  portion  of  the  British  share  in  the  Great 
Exhibition.  Yet  this  prominence  of  warlike  material  will  not  lead  ns 
to  the  conclusion  that  peace  is  endangered.  The  cannon  may  be  a 
grim  associate  of  peace,  and  yet  be  her  best  security  and  support. 
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Without  it  we  should  lie  at  the  mercy  of  all  the  world^  a  tempting 
bait  to  eveiy  marauder.  Our  wide  spread  commerce  and  vast  wealth 
both  at  home  and  abroad  require  all  the  protection  we  can  give; 
and  it  is  of  Tital  importance  that  in  guarding  them  we  should  be 
possessed  of  weapons  of  the  highest  efficiency.  We  may  be  glad 
therefore  that  the  implements  of  war  have  not  been  excluded  from  the 
present  Exhibition,  more  especially  as. they  show  the  direction  in 
which  some  of  our  best  and  most  successful  industrial  efforts  haye 
lately  been  made. 

Already  the  great  struggle  between  guns  and  armour  plates  has 
proved  of  yalue  eren  for  the  direct  purposes  of  peace.  It  has 
instigated  improYcments  in  the  fabrication  of  iron,  which  must  prove 
benefi^al  to  the  productive  manufactures  of  the  country.  I  will 
instance  the  great  exploits  in  rolled  and  fofged  iron  achieved  by  the 
Mersey  Steel  and  Iron  Company,  Messrs.  Brown  and  Company  of 
Sheffield,  the  Butterley  Company,  and  the  Coalbrook  Dale  Company, 
all  having  reference  more  or  less  to  armour  plated  ships.  These 
unusual  efiforts  arising  out  of  the  contest  between  the  powers  of  offence 
and  defence  lead  the  way  to  peaceful  developments  and  adaptations. 
The  armour  plates  have  to  be  carried  by  ships  of  enormous  strength 
and  size.  The  ships  involve  in  their  construction  the  manufacture  of 
rolled  beams  and  forged  cranks  of  dimensions  and  patterns  such  as  are 
seen  in  the  eastern  annexe,  and  sncli  as  at  the  period  of  the  last 
Exhibition  would  have  been  deemed  wholly  impracticable.  For  the 
propulsion  of  these  ships  marine  engines  are  required  of  extraordinary 
power,  and  for  their  armament  the  skill  of  the  niechanic  is  taxed  to 
the  utmost  to  provide  guns  of  commensurate  strength  and  efficiency. 
These  efforts  made  in  the  interest  of  war  extend  the  limit  of  our 
manufacturing  attainments,  and  thus  ultimately  benefit  the  cause  of 
pesce  and  commerce. 

In  my  last  address  I  alluded  to  the  importance  of  obtaining  a 
material  which  should  combine  the  toughness  of  wrought  iron  with 
the  homogeneous  character  of  a  cast  metal ;  and  I  then  referred  to 
Mr.  Kmpp  of  Essen  as  having  taken  the  lead  of  all  British 
mmufacturers  in  the  art  of  producing  steel  forgings  of  extraordinary 
dimensions.    The  specimens  which  Mr.  Krupp  has  sent  to  the  present 


^8  PBBSIDENT^S   ADDRESS. 

Exhibition  justify  all  that  I  said  on  l^at  occasion,  and  present 
examples  nrhich  from  their  soundness  and  magnitude  excite  tlie 
i7onder  and  will  stimulate  the  rivalry  of  English  steel  makers.  I  fear 
however  that  it  must  be  admitted  that,  notwithstanding  the  great 
advance  which  has  been  made  in  the  manufacture  of  steel,  we  have  not 
yet  procured  this  material  in  a  form  which  is  adapted  for  the  resistance 
of  concussive  action.  All  attempts  to  use  steel  for  the  purposes  of 
armour  plates  have  shown  its  inferiority  to  wrought  iron ;  and  since 
the  qualities  necessary  for  resisting  the  impact  of  a  shot  and  ihe 
explosion  of  gunpowder  seem  to  be  identical,  I  am  stall  of  opinion  that, 
whatever  the  future  may  produce,  we  have  as  yet  no  material  equal  to 
wrought  iron  for  the  manufacture  of  ordnance. 

I  should  extend  these  remarks  beyond  suitable  limits  were  I  to 
attempt  any  detailed  notice  of  the  many  interesting  objects  contained 
in  the  mechanical  department  of  the  Exhibition.  I  will  therefore 
conclude  by  expressing  a  hope  that  the  progress  which  has  been  made 
in  mechanical  engineering  during  the  last  ten  years  may  suffer  no 
diminution  during  the  next  decennial  period ;  and  if  another  Exhibition 
should  arise  at  the  end  of  that  time,  may  it  compare  as  favourably 
with  the  Exhibition  of  1862  in  the  department  of  mechanical 
engineering  as  the  present  Exhibition  compares  with  that  of  1851. 


A  vote  of  thanks  was  passed  to  the  President  for  his  address, 
on  the  motion  of  Mr.  C.  P.  Stewart  seconded  by  Mr.  C.  Qreaves. 


The  following  paper  was  then  read : — 


i 
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ON  SURFACE   CONDENSATION  IN  MAEINE   ENGINES. 


By  Mr.  EDWARD  HtfMPHRYS,  or  Deptpord. 


The  subject  of  Sarface  Condensation  in  steam  engines,  especially 
in  marine  engines,  was  first  brought  to  the  notice  of  the  writer  in 
1838  by  the  proceedings  of  Mr.  Samuel  Hall,  then  of  Basford  :  and 
it  is  more  with  the  view  of  drawing  attention  to  the  success  with 
which  this  system  was  practised  a  quarter  of  a  century  ago,  than  of 
describing  any  new  combinations  possessing  advantages  over  the  plantf 
then  adopted,  that  this  paper  is  submitted  to  the  meeting ;  indeed 
nearly  the  whole  of  the  practical  details  about  to  be  given  were 
published  fully  twenty-seven  years  ago. 

The  writer^s  brother,  the  late  Mr.  Francis  Humphrye,  was  employed 
by  Messrs.  John  Hall  and  Sons  of  Dartford  to  design  the  engined 
made  by  them  for  the  paddle-wheel  steamer  *^  Wilberforce "  of 
280  nominal  horse  power ;  mid  the  writer  thus  had  the  opportunity 
of  witnessing  the  designing,  manufacture,  and  working  of  the  surface 
condensers  fitted  to  these  engines.  Drawings  of  the  engines  are  given 
in  <<  Tredgold  on  the  Steam  Engine  *',  together  ?rith  indicator 
diagrams  taken  from  them  in  1388,  one  of  which  is  shown  in  Fig.  15; 
Plate  85 ;  and  up  to  the  present  time  the  writer  is  not  aWare  of  any 
better  vacuum  having  been  produced.  He  started  these  engines  the 
first  time  they  were  set  in. motion,  in  the  year  1837;  and  has  a 
distinct  recollection  of  .the  admirable  manner  in  which  the  condensers 
did  their  duty.  The  vessel  was  employed  between  London  and  Hull 
until  1841 ,  when  th^  outsides  of  the  condcSnser  tubes  having  become 
Tery  thickly  coated  with  mud  from  the  Thames  and  Humber,  the  tnbte 
were  removed  and  injection  was  substituted. 

About  fourteen  years  ago,  when  the  writer  held  the  appointtiaent 
of  engineer-in-chief  of  Woolwich  dockyard  steam  factory,  he .  had  a 
seoojid  opportimity  of  obtaining  practical  information  as  to  the  working 
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of  Hall's  snrfiaoe  condensers,  from  the  '<  Ghappler  "  which  leburned 
to  Woolwich  after  a  three  years*  commission  abroad,  having  been  fitted 
with  the  snrfiM»  condensers  by  Messrs.  Mandslay  Sons  and  field.  The 
floats  of  the  paddle  wheeb  were  reefed,  in  order  to  allow  the  eogineB 
to  work  at  fall  speed  at  moorings,  and  indicator  diagrams  woe  takn 
which  showed  that  the  performance  of  the  condensers  was  quite 
satisfactory,  and  equal  to  what  it  had  been  before  the  yessel  left  this 
conntry.  Owing  to  the  defective  state  of  the  hull  of  the  ship,  the 
engines  and  boilers  were  taken  out,  and  the  latter  were  foand  in 
excellent  condition,  indeed  almost  as  perfect  as  when  first  pnt  on 
board.  The  engineers  reported  that  the  condensers  had  given  veiy 
little  tronble,  and  on  examination  they  were  found  free  from  an/ 
defects.  These  and  other  examples  of  surface  condensation  with 
which  the  writer  had  become  acquainted  caused  him  to  have  gteat 
confidence  in  the  system,  and  to  desire  to  introduce  it  again  at  the 

■ 

earliest  opportunity. 

In  1859,  having  to  design  and  construct  a  set  of  engines  of  400 
nominal  horse  power  for  the  Peninsular  and  Oriental  Oo.*s  new  ship 
^'  Mooltan",  with  the  view  of  trying  what  economy  could  be*  effected 
in  the  working  of  the  machinery  of  their  vessels,  the  writer  determined 
to  employ  surface  condensation,  not  expecting  to  realise  any  laige 
amount  of  economy  from  this  system  alone,  but  believing  that  a  great 
benefit  would  result  from  the  increased  durability  of  the  boilers,  and 
the  saving  of  the  time  frequently  lost  in  cleaning  them,  together  with 
some  economy  of  fuel  arising  from  the  absence  of  the  necessity  of 
blowing  out.  The  practice  of  blowing  out  is  indeed  frequently  carried 
to  excess :  in  one  instance  known  to  the  writer,  at  least  four  times 
the  quantity  of  water  necessary  to  keep  the  boilers  dean  was  blown 
out,  the  expenditure  of  fuel  being  consequently  most  excessive. 

Figs.  1  and  2,  Plates  82  and  88,  show  very  nearly  the  arrangement 
of  the  condensers  of  the  <^  Mooltan  " ;  and  they  show  correctly  the 
condensers  now  making  by  the  writer  for  the  Peninsular  and  Oriental 
Co.*s  new  ships  ''  Mysore  '*  and  <<  Rangoon  "  of  400  nominal  hone 
power.  The  area  of  surface  in  the  condensers  and  in  the  boilers  of  sU 
ihe  three  ships  is  almost  identical :  the  boilers  contain  4800  square 
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feet  of  heating  surface  in  each  ship,  and  the  condensers  of  the 
"  Mysore  "  and  <<  Rangoon ''  contain  4712  sqaare  feet  of  condensing 
snrface,  and  those  of  the  ''  Mooltan  "  4200  square  feet.  The  indicated 
power  of  the  *'  Mooltan"  when  tried  officially  was  1734  horse  power ; 
hence  the  ares  of  condensing  surface  per  indicated  horse  power  is 
rather  less  than  2}  square  feet. 

For  convenience  of  manufacture  and  arrangement  of  these  engines, 

the  condenser  of  each  is  divided  into  two  parts  A  A,  Fig.  1,  Plate  32, 

each  part  heing  exhausted  hy  its  own  air  pump  B,  Fig.  2,  Plate  33,  so 

that  each  pair  of  engines  is  provided  with  four  air  pumps  and  four 

condensers.     The  air  pump  B  is  18  inches  diameter  with  a  stroke  of 

8  feet.     These  dimensions  heing  used  hy  the  writer  with  injection 

condensers  in  engines  of  the  same  nominal  power,  he  helieves  they  are 

larger  than  necessary  for  surface  condensers  of  engines  in   good 

condition,  with  condensing  water  at  the  average  temperature  of  the 

flea  in  this  climate ;   hut  as  these  engines  are  to  he  employed  in  the 

Indian  seas,  it  was  considered  expedient  to  provide  large  air  pumps 

and  large  pumps  for  circulating  the  condensing  water,  so  as  to  allow 

of  almost  any  quantity  of  condensing  water  heing  driven  through  the 

condensers  that  may  he  found  necessary  in  an  Indian  climate.      The 

air  pumps  B  discharge  their  water  direct  into  the  hoilers  through  the 

pipe  C,  according  to  Hall's  plan,  so  that  no  feed  pumps  are  necessary. 

The  air  which  leaks  into  the  engines  is  allowed  to  escape  hy  an  open 

stand-pipe  connected  to  the  highest  point  of  the  feed  pipe,  and  carried 

up  inside  the  mast,  which  is  of  iron,  to  a  greater  height  than  is  due  to 

the  pressure  of  steam  in  the  boilers.     A  valve  regulated  by  a  float  was 

originally  fitted  to  the  '* Mooltan*'  for  allowing  the  escape  of  the 

ur;  hut  it  was  found  to  require  some  little  attention,  and  hence  the 

stand-pipe  was  substituted    which    answers  perfectly  without  any 

attention. 

Each  condenser  A  A,  Figs.  1  and  2,  contains  1178  seamless 
drawn  pure  copper  tubes,  $  inch  outside  diameter  and  No.  18  wire- 
gange  or  *050  inch  thick,  5  feet  10  inches  long,  weighing  28  oz.  each 
tobe,  and  fixed  at  1  inch  pitch  centre  to  centre,  as  shown  full  size  in 
Figs.  3  and  4,  Plate  34.  llie  tube  plates  of  the  ''  Mooltan  "  are  of 
oMt  gon-metal  |  inch  thick;    but  those  of  the   '*  Mysore *'    and 

Q 
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**  JSangoon  **  are  of  rolled  copper,  fbuBhed  |  ineh  thidr,  one  of  irliidi 
is  exhibited.  Theee  are  first  set  as  flat  as  possible,  and  the  tobe  boles 
marked  out  upon  them.  The  holes  are  then  drilled  nnder  a  commoQ 
drilling  machine  with  a  drill  of  two  diameters,  shown  half  fall  size  in 
FigB.  7  and  8,  Plate  34,  haying  a  goard  D  npon  it  to  ^x  the  depth  to 
which  the  larger  diameter  shall  penetrate  the  plate.  One  midime 
worked  hj  an  ordinary  driller  drilled  the  1178  holes  in  the  tabe  plate 
exhibited  in  70  hours.  The  tapping  of  the  holes  is  then  proceeded 
with,  and  is  effected  with  a  tap,  shown  half  fnll  size  in  Figs.  9  and  lO, 
having  a  parallel  end  £  to  guide  it,  which  fits  the  smaller  diameter  (A 
the  tnbe  holes.  One  man  of  ordinary  skill  tapped  the  1178  holes  in 
the  plate  exhibited  in  70  hours.  After  baring  been  drilled  and  tapped 
the  tnbe  plate  is  again  set  perfectly  flat  on  a  surface  plate,  and  then 
both  sides  are  faced  off  in  a  lathe  or  planing  machine. 

The  screwed  glands  FF,  Fig.  3,  Plate  34,  for  securing  the  packing 
at  the  ends  of  the  tubes,  are  made  from  Munts'  metal  solid-rolled 
tubes,  which  are  obtained  in  lengths  of  about  5  feet,  rolled  to  gsnge 
both  inside  and  outside ;  the  inside  diameter  is  exactly  that  of  the 
outside  of  the  copper  tubes,  namely  g  inch,  and  the  outside  diameter 
is  such  that  when  screwed  it  will  exactly  fit  the  tapped  holes  in  the 
tube  plates.  It  is  screwed  on  the  outside  as  it  comes  from  the  maker 
in  a  common  screwing  machine,  as  shown  fnll  size  in  Figs.  5  and  6, 
and  is  then  cut  by  a  circular  saw  into  half  inch  lengths  to  form  the 
glands.  The  saw  marks,  are  taken  off  the  ends  by  a  facing  cotter 
rerolying  in  a  lathe,  shown  half  full  size  in  Figs.  11  and  12,  and  the 
same  operation  clears  out  the  inside  of  the  hole.  The  notch  for  the 
screwdriver  is  cut  by  passing  a  number  of  the  glands,  when  screwed 
into  a  plate,  under  a  reyolving  circular  saw  of  the  required  thickness. 
The  packing  is  composed  of  linen  tape  ;  a  piece  of  this  tape 
12  inches  long  and  ^  inch  wide  is  wound  round  a  mandril,  the  ends 
and  edges  being  slightly  stitched,  in  which  state  it  is  readily  put  into 
the  tapped  holes  of  the  tube  plate,  and  when  screwed  down  by  the 
gland  forms  a  very  perfect  and  lasting  joint.  The  thickness  of  the 
tape  is  such  that  1000  of  these  packings  weigh  about  2  lbs. 

The  exhaust  steam  from  the  engines  passes  down  through  the 
interior  of  the  condenser  tubes,  and  the  sea  water  for  keeping  the  tubes 
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cold  is  driven  up  tlirongh  the  spaces  between  the  tubes.  The  sea  water 
is  admitted  through  an  inlet  pipe  fitted  with  a  slide  valve  at  the 
bottom  of  the  ship,  and  enters  the  condensers  at  the  bottom  by  the 
pipe  G,  Fig.  1,  Plate  32  :  it  then  circulates  round  the  outsides  o£  the 
tobesi  and  makes  its  exit  through  the  regulating  valves  HH  at  the 
top  of  the  condensers,  at  about  the  load  water  line  of  the  vessel.  The 
valves  HH  answer  the  purpose  of  regulating  the  flow  of  sea  water 
equally  through  the  two  divisions  AA  of  the  condenser,  and  also  of 
shutting  out  the  water  from  above  when  the  outsides  of  the  condenser 
tubes  have  to  be  examined.  The  flow  of  water  is  produced  by  one  of 
Appold's  centrifugal  pumps,  the  diameter  of  the  revolving  disc  being 
86  inches ;  it  is  driven  by  a  pair  of  wood  and  iron  spur  wheels,  the 
proportions  of  which  are  about  1  to  3|,  so  that  at  the  ordinary  speed 
of  the  engines  of  the  ^'  Mooltan  ",  namely  56  revolutions,  the  pump 
makes  194  revolutions  per  minute.  Two  of  these  pumps  are  provided, 
the  second  being  driven  by  an  auxiliary  engine  to  be  used  in  case  of 
the  failure  of  the  other. 

The  condensers  constructed  according  to  the  proportions  and  mode 
of  manufacture  above  described  and  adopted  by  the  writer  have  been 
found  quite  efficient  and  very  durable.  The  indicator  diagrams,  Figs. 
13  and  14,  Plate  35,  taken  from  the  ^*  Mooltan''  in  a  voyage  in 
October  of  last  year,  show  the  degree  of  exhaustion  in  the  cylinders, 
which  are  96  inches  diameter  and  3  feet  stroke,  the  steam  being 
exhausted  into  them  from  the  high  pressure  cylinders  of  43  inches 
diameter  and  the  same  length  of  stroke :  the  boiler  pressure  was 
17  lbs.  per  square  inch.  The  engines  were  making  58  revolutions 
per  minute,  and  the  diagrams  show  that  the  vacuum  in  the  cylinders 
was  sufficient  to  support  a  colunm  of  mercury  26  inches  high  when  the 
▼acimm  in  the  condensers  was  28  inches  of  mercury. 

The  condenses  of  the  <<  Mooltan  "  have  now  run  42,000  miles : 
and  at  the  end  of  30,000  miles,  namely  in  April,  last,  the  writer 
examined  the  inside  and  outside  of  the  condenser  tubes,  and  found  the 
outsides  perfectly  clean ;  but  inside  there  appeared  a  slight  coating  of 
grease  resulting  from  the  lubricating  material  employed  in  the  interior 
of  the  engines.     This  was  however  so  slight  as  not  to  affect  the  action 
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of  the  condensers ;  indeed  the  vessel  ran  the  last  800  mOes  of  the 
30,000  at  an  average  speed  of  60  revolutions  per  minnte  with  24  lbs. 
steam  in  the  boilers,  and  the  vacuum  in  the  condensers  supportiiig  t 
column  of  mercury  27  J  inches  high.  A  very  careful  examination  of 
the  inside  of  the  boilers  showed  Ihat  the  action  of  Uie  sur&oe 
condensers,  returning  always  pure  water  into  them,  is  likely  to  ensun 
their  continued  efficiency,  as  there  was  no  appearance  of  deterioratioii 
whatever.  The  lubricating  material  employed  in  the  engines  collects 
in  the  boilers,  adhering  to  the  sides  and  stays  about  the  water  line, 
and  is  to  be  found  in  large  lumps  in  the  bottom  water  space  below  the 
furnaces :  this  requires  to  be  taken  out  occasionally,  otherwise  in  the 
opinion  of  the  engineer  in  charge  it  causes  the  boilers  to  prime. 

Before  determining  on  adopting  exactly  HalPs  mode  of  manu&ctnre 
for  the  condensers,  although  his  experience  of  it  had  been  verj 
favourable,  the  writer  examined  the  other  plans  for  surface 
condensation,  in  most  of  which  the  joints  between  the  tubes  and  tube 
plates  are  made  with  vulcanised  india-rubber ;  but  having  understood 
that  a  chemical  action  took  place  between  the  copper  of  the  tubes  and 
the  sulphur  employed  in  preparing  the  india-rubber,  and  not  being  tble 
to  discover  in  the  new  plans  any  advantage  over  Hall*s  condenser,  he 
adhered  to  this  construction  in  the  condensers  of  the  ''  Mooltan."  As 
regards  the  action  of  the  vulcanised  india-rubber  on  the  copper  tnbes, 
the  writer  placed  a  piece  of  copper  tube  inside  a  piece  of  vulcanised 
india-rubber  tube,  and  carefully  washed  and  weighed  the  copper  tabe 
eveiy  month,  and  found  a  gradual  decrease  in  its  weight. 

In  designing  the  engines  of  the  ''  Mooltan  "  no  provision  was  made 
for  cleaning  either  the  insides  or  the  outsides  of  the  tubes  of  the 
condensers,  except  that  the  connexion,  between  the  condensers  and 
cylinders  was  so  arranged  as  to  admit  of  the  ready  removal  of  the 
entire  condenser  case  with  its  tubes.  Each  condenser  case  is  a 
rectangular  vessel  about  2  feet  10  inches  by  3  feet  6  inches  and 
5  feet  10  inches' high,  as  shown  in  Figs.  1  and  2,  Plates  32  and  83; 
and  by  removing  the  bolts  in  the  joints  I  and  K  at  top  and  bottom  the 
entire  condenser  with  its  tubes  can  be  drawn  out  clear  of  the  cylinder, 
and  the  inside  of  the  tubes  can  then  be  cleaned,  the  tube  plates 
being  in  this  case  of  gun-metal  cast  with  the  edge  thickened  )  inch 
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ail  round  on  the  outer  face,  so  as  to  clear  the  projecting  glands  of  the 
tube  ends.  The  two  condensers  of  one  engine  might  be  removed ,  the 
tabes  cleaned,  and  the  condensers  refixed  in  40  hours ;  but  up  to  the 
present  time  there  is  nothing  in  the  state  of  the  condensers  to  indicate 
the  necessity  of  cleaning  either  the  insides  or  outsides  of  the  tubes ; 
indeed  the  outsides  are  cleaner  and  brighter  than  when  the  tubes  were 
first  fixed  in  their  place*  When  it  becomes  necessary  to  clean  the 
insides,  it  is  recommended  to  apply  a  solution  of  caustic  soda  by  filling 
the  condenser  with  it  up  to  the  top  of  the  upper  joint  I ;  this  was  also 
the  practice  followed  by  Hall  with  success  in  his  condensers  in  1887. 
Indeed  Hall's  condensers  were  employed  in  the  ''Penelope^*  for  more 
than  six  years,  and  the  engineer  in  charge  during  that  period  stated 
that,  with  the  exception  of  occasionally  cleaning  out  the  insides  of  the 
tabes  by  the  application  of  a  solution  of  soda  and  water,  the  condensers 
never  gave  an  hour's  trouble.  The  cost  of  a  sufficient  quantity  of  the 
solntion  to  clean  out  the  condensers  of  a  400  horse  power  engine  would 
be  about  £5 ;  and  it  is  possible  that  it  may  be  found  desirable  to 
perform  this  operation  once  a  year. 

The  loss  of  water  that  occurs  in  the  boilers  from  leakage  and  other 
causes  is  made  good  by  an  auxiliary  boiler,  the  steam  from  which  is 
passed  through  a  small  engine  which  pumps  the  water  for  supplying 
the  hydraulic  apparatus  employed  in  steering  the  ship  and  other 
purposes,  whereby  the  coal  consumed  in  the  auxiliary  boiler  is  utilised. 


Hr.  HuMPHETs  showed  some  of  the  solid-drawn  copper  tubes 
Qsed  in  the  condensers,  and  one  of  the  copper  tube  plates  containing 
1178  holes  at  1  inch  pitch,  drilled  and  tapped ;  also  specimens  of  the 
screwed  glands  and  tape  packings,  and  of  the  tools  used  in  making 
the  holes  of  the  tube  plate,  as  described  in  the  paper. 

He  remarked  that  the  whole  condenser  was  of  simple  construction, 
the  metal  tube  for  making  the  glands  being  obtained  rolled  to  size, 
BO  that  it  required  only  screwing  in  a  common  screwing  machine,  and 
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tlien  cutting  into  half  inch  lengths  to  form  the  glands.  By  screwing 
down  the  gland  snffidentlji  the  end  of  the  copper  tube  was  even 
.  indented  slightly  all  roond  by  the  pressure  of  the  packing,  as  seen  in 
the  tube  exhibited,  so  that  the  ends  of  the  tnbe  conld  be  really  fixed 
in  this  way :  in  practice  however  one  end  of  the  tube  was  left  free, 
to  allow  of  expansion  and  contraction.  The  condenser  was  made 
essentially  the  same  as  it  had  been  made  twenty-five  years  ago  bj 
Mr.  Hall,  and  he  believed  was  a  veiy  perfect  apparatns.  In  the 
condensers  he  was  now  making,  the  oatsides  of  the  tabes  could  be 
washed  through  pretty  readily,  as  the  centrifugal  pump  employed  to 
drive  the  cold  water  through  the  condenser  could  also  be  made  to  work 
like  a  bilge  pump  for  drawing  the  bilge  water  out  of  the  ship ;  and 
by  then  taking  off  the  cover  of  the  side  hole  at  the  bottom  of  the 
condenser  a  considerable  current  of  water  oovld  be  sent  through,  so 
that  if  any  dirt  should  accumulate  at  the  bottom,  in  consequence  of 
the  condenser  having  been  employed  in  dirty  water,  it  would  be  all 
removed  by  the  rapid  current  of  water.  Up  to  April  last  however, 
when  the  ''  Mooltan  "  had  run  30,000  miles,  no  dirt  had  accumulated 
in  the  ccmdensers. 

The  Chairman  enquired  the  reason  of  the  failure  of  fonner 
attempts  with  Hall's  condenser,  and  why  it  had  gone  out  of  use. 

Mr.  HuMPflRTs  did  not  consider  there  had  been  any  failure  in  the 
former  trials  of  Hall's  condenser,  but  believed  it  had  been  really 
successful  from  the  time  when  first  tried  thirty  years  ago.  The  great 
prejudice  however  at  the  time  against  any  change  from  injection 
condensers  had  prevented  the  use  of  this  surface  condenser  being 
persevered  in  ;  and  objections  had  been  raised  to  its  use  which  the 
present  experience  had  now  fully  proved  were  not  attributable  to  the 
principle  of  the  condenser. 

Mr.  J.  F.  Spekobr  observed  that  he  had  also  been  working  for 
many  years  at  surface  condensation,  but  on  the  opposite  system  of 
pumping  the  cold  water  through  the  interior  of  the  condenser  tabes 
and  condensing  the  steam  on  the  outside;  and  he  was  glad  now 
to  learn  the  practical  results  of  the  working  of  Hall's  condenser  in  a 
large  ship,  as  described  in  the  paper,  the  merits  of  that  condenser 
having  certainly  not  been  fully  appreciated.     He  thought  they  were 
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mnch  indebted  to  Mr.  Hnmphrys  for  having  bronght  forward  the 
subject,  and  for  the  yalnable  record  of  facts  contained  in  the  paper  that 
had  been  read. 

In  making  a  comparison   between   the   two    plans    of    surface 
condensers — the  one  with  the  condensing  water  ontside  the  tnbes  and 
the  steam  inside,  and  the  other  with  the  steam  ontside  and  the  water 
passing  through  the  inside  of  the  tabes — it  was  not  necessary  to 
consider  either  the  space  occupied  by  the  condenser  or  the  mode  of 
making  the  joints  at  the  ends  of  the  tubes :  because  the  space  occupied 
depended  entirely  on  the  size  of  tube  employed,  and  the  same  size 
might  be  adopted  whether  the  water  passed  through  the  tubes  or 
whether  it  passed  outside ;  and  the  manner  of  making  the  joints  by 
means  of  packings  and  screwed  glands,  as  described  in  the  paper, 
which  was  certainly  a  clever  construction,  might  be  adopted  for  any 
plan  of  condenser.     Setting  these  considerations  aside  therefore,  he 
considered  an  important  practical  difference  between  the  two  systems 
lay  in  the  circumstance  that  in  order  to  examine  a  single  tube  of  a 
condenser  on  the  construction  shown  in  the  drawings,  with  the  water 
outside  the  tubes,  it  was  necessary  to  break  a  vacuum  joint ;  and  if 
such  a  joint  were  made  again  defectively  at  sea  in  a  hurry,  air  would 
leak  in,  the  vacuum  in  the  condenser  would  be  diminished,  and  the 
efficiency  of  working  impaired.     Whereas  when  the  water  was  inside 
the  tnbes,  all  the  ends  of  the  tubes  were  accessible  by  simply  breaking 
a  water  joint,  which  was  a  matter  of  little  consequence  ;    for  if  this 
joint  were  made  defectively  at  sea,  the  only  result  would  be  a  small 
OQtward  leak  of  water  out  of  the  condenser,  which  would  not   affect 
the  working  of  the  engines  in  the  slightest  degree.    In  this  respect 
therefore  he  thought  a  real  practical  advantage  attended  the  plan  of 
passing  the  water  through  t^e  inside  of  the  tubes. 

A  better  distribution  of  the  water  through  the  condenser  was  also 
obtained  by  the  same  plan  of  passing  it  through  the  tubes  instead  of 
ontside.  In  the  condenser  shown  in  the  dramngs,  with  the  water 
outside  the  tnbes,  he  thought  it  would  be  almost  impossible  to  pass 
the  water  thoroughly  and  equally  over  every  portion  of  the  condensing 
surface;  whereas  with  the  water  inside  the  tubes,  by  dividing  the 
whole  quantity  of  water  into  three  or  four  currents  distributed  equally 
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thronghont  the  condenser,  and  by  proportioning  the  are*  of  ih«  tabes 
to  that  of  the  pnmp,  the  water  might  he  driven  over  eveij  portian  of 
the  condensing  surface  with  almost  complete  nniformitj.  Tfak  l» 
considered  a  verj  important  point,  and  attributed  to  it  much  of  the 
condensing  power  possessed  by  condensers  having  the  water  inside  tiie 
tubes,  with  which  he  had  obtained  a  condensation  of  12  lbs.  of  wsief 
per  hour  per  square  foot  of  condensing  surface,  which  he  beliered 
would  he  found  greatij  in  excess  of  the  general  result.  For  judging 
of  the  efficiencj  of  a  condenser,  the  main  point  to  be  ascertained  was 
the  weight  of  water  condensed  per  square  foot  of  condensing  Burfiue 
per  hour,  in  order  to  know  how  much  heat  had  been  abstracted  from 
the  steam  per  square  foot  of  surface,  without  any  regard  to  either 
the  nominal  or  the  indicated  h^rse  power  of  the  engine;  and  ihe 
condensation  of  12  lbs.  of  water  per  square  foot  of  surface  per  hoar 
was  the  result  he  had  obtained  in  work  actually  done  in  the  "  Sentinel,'' 
a  vessel  fitted  with  one  of  his  surface  condensers  having  the  water 
inside  the  tubes,  and  working  on  the  east  coast  of  England.  He 
enquired  what  was  the  amount  of  condensation  per  hour  per  sqoare 
foot  of  condensing  surface  in  the  ''  Mooltan." 

Two  vessels  of  400  nominal  horse  power  had  now  been  working 
nearly  two  years  in  the  Canadian  mail  service  between  Liverpool  and 
Quebec,  the  ^*  Hibernian  **  and  the  ''  Norwegian,"  which  he  had  fitted 
with  the  surface  condensers  having  the  water  inside  the  tubes ;  and 
they  made  the  voyage  to  Quebec  and  back,  indicating  1200  horse 
power,  on  a  consumption  in  one  voyage  of  32  tons  of  coal  per  daj. 
In  this  case  however  the  expansion  was  very  limited,  and  there  were 
circumstances  which  prevented  the  economy  from  being  carried  out 
as  would  be  wished ;  and  in  two  other  similar  boats  of  400  nominal 
horse  power  now  building  for  the  samiB  line  he  hoped  a  better 
opportunity  would  be  obtained  for  showing  the  advantages  of  surface 
condensers. 

With  reference  to  the  use  of  vulcanised  india-rubber  for  making 
the  joints  at  the  ends  of  the  tubes,  and  its  effect  on  the  copper  tnbe?, 
he  had  now  upwards  of  50,000  of  these  joints  working,  a  great  many 
of  which  had  been  working  for  several  years ;  and  out  of  that  number 
there  had  been  but  three  cases  of  deterioration  of  the  copper  tube 
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from  the  action  of  the  indU-Tabber,  and  in  each  of  these  cased  the 
deterioration  arose  simply  from  defective  fitting.  Where  there  was  a 
stream  of  hot  salt  water  passing  between  the  india-rabber  and  the 
copper  tabe,  there  corrosive  action  took  place;  but  that  was  the 
resoh  of  defective  workmanship.  In  all  the  rest  of  these  joints,  not  a 
single  case  of  the  kind  had  occorred.  He  had  lately  had  some  of 
the  tabes  removed  that  had  been  working  in  condensers  sixteen  or 
dghteen  months,  and  there  was  not  the  slightest  appearance  of 
deterioration.  It  was  important  to  have  so  complete  an  answer  to 
any  objection  on  that  score,  because  india-nibber  was  a  very  convenient 
material  to  use  for  any  kind  of  joint,  adapting  itself  by  its  elasticily 
to  almost  all  conditions. 

Mr.  F.  J.  Bramwbll  enqoired  what  was  the  degree  of  tacunm 
in  the  condenser  at  the  time  when  the  condensation  of  12  lbs.  of 
water  per  square  foot  of  surface  per  hour  was  being  obtained;  because 
the  amount  of  condensation  varied  with  the  vacuum  that  had  to 
be  maintained.  He  enquired  also  what  was  the  proportion  between 
the  condensing  surface  and  the  boiler  surface. 

Mr.  J.  F.  Spbncbb  replied  that  in  the  ^*  Sentinel "  which  he  had 
referred  to,  of  100  nominal  and  850  indicated  horse  power,  the 
vacuum  in  the  condenser  was  25  inches  of  mercury  at  the  time 
of  oondensing  12.  lbs.  of  water  per  square  foot  of  surface  per  hour. 
The  boiler  surface  was  1750  square  feet,  and  the  condensing 
sturface  850  square  feet,  or  practically  one  half  of  the  boiler  surface, 
which  was  the  proportion  he  had  generally  adopted,  giving  in  this 
case  2}  square  feet  of  condensing  surface  and  5  square  feet  of  boiler 
snrfiMe  per  indicated  horse  power.  Sometimes  he  had  employed  rather 
less  oondensing  surface ;  but  in  no  case  had  he  made  it  exceed  8  square 
feet  per  indicated  horse  power,  reckoning  the  boiler  surface  at  about 
6  square  feet  per  indicated  horse  power  or  about  22  square  feet  per 
nominal  horse  power.  In  the  <<  Hibernian  *'  and  *'  Norwegian  *'  the 
boiler  surface  was  6200  square  feet  and  the  condensing  surface 
2700  square  feet,  being  5^  and  24  square  feet  respectively  per 
indicated  horse  power.  * 

With  regard  to  the  accumulation  of  grease  in  the  condenser,  that 
was  one  of  the  reasons  why  he  preferred  the  plan  of  having  the  steam 
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outside  tbe  tubes ;  for  he  believed  it  would  be  found  tbat  a  condenser 
inth  tbe  steam  outside  the  tubes  would  last  three  times  as  long,  iritb 
the  same  accumulation  of  grease,  as  one  with  the  steam  inside  tie 
tubes.  It  was  evident  tbat  tbe  accumulation  would  take  place  macfa 
more  rapidly  inside  the  tubes,  and  that  the  speed  of  passage  of  the 
steam  would  be  much  more  retarded  with  each  additional  layer.  He 
had  had  one  condenser  working  about  three  years  without  any  cleamog 
at  all,  the  tubes  being  horizontal  with  the  steam  outside,  and  found 
that  three  fourths  of  the  condenser  was  perfectly  free  from  grease,  and 
the  remainder  had  only  a  small  portion  on  tbe  upper  side  of  the  tabes, 
tiie  lower  side  being  perfectly  clean.  A  practical  conclusion  howcTer 
could  not  be  drawn  from  one  or  two  cases ;  for  at  the  first  startbg  of 
a  new  plan  great  care  was  taken  to  obtain  a  satisfactory  result, 
by  using  no  more  grease  in  the  engine  than  was  absolutely  necessary 
for  lubrication ;  but  when  a  large  number  of  condensers  were  at  work, 
they  would  be  subject  to  the  usual  casualties  and  want  of  attention 
at  sea :  grease  might  accumulate  in  the  boilers  and  condensers,  and 
would  accumulate  more  rapidly  he  thought  in  HalPs  condenser  than 
in  condensers  with  the  steam  outside  the  tubes. 

The  Chairman  observed  that  the  proportion  between  the  boiler 
surface  and  the  condensing  surface  that  had  just  been  described 
was  as  two  to  one  ;  whereas  the  areas  in  the  case  given  in  the  paper 
were  4800  square  feet  of  heating  surface  and  4712  square  feet  of 
condensing  surface,  or  practically  the  same. 

Mr.  HuMPHRYs  said  it  must  be  borne  in  mind  that  in  this  case 
tbe  4800  square  feet  of  heating  surface  in  the  boilers  gave 
only  12  square  feet  per  nominal  horse  power  or  2|  square  feet 
per  indicated  horse  power,  instead  of  6  square  feet  of  boiler  surface 
per  indicated  horse  power  as  had  been  mentioned ;  and  a  comparison 
could  not  be  made  between  different  cases  without  taking  into  aooonnt 
the  proportion  of  boiler  surface  per  horse  power.  As  regarded  the 
quantity  of  water  condensed  per  square  foot  of  condensing  surface, 
no  experiments  had  been  made  ;  but  the  proportion  of  the  condensing 
surface  to  the  indicated  horse  power  was  2|  square  feet  per  indicated 
horse  power. 
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In  reference  to  examining  «nd  cleaning  the  condenser  tabes,  this 
ooold  be  done  in  the  condensers  of  the  <' Mysore"  and  ^'Bangoon'* 
bj  taking  off  the  manhole  doors  shown  in  the  drawing  immediately 
below  the  condenser.  There  was  a  height  of  6  feet  from  the  nnder* 
side  of  the  lower  tube  plate  to  the  bottom  of  the  water  chamber, 
allowing  room  to  stand  upright  inside,  below  the  condenser,  and  with 
a  rod  the  whole  of  the  tabes  coald  then  be  sponged  oat  in  a  short 
time.  A  similar  manhole  door  in  the  steam  chamber  above  the 
condenser  allowed  of  getting  in  to  make  good  any  tube  joints  at 
the  top  that  might  fail.  He  had  however  fonnd  the  joints  made  as 
described  in  the  paper  remain  good  already  for  six  years  with  ordinary 
brazed  tabes :  the  tabes  in  the  condensers  of  the  <<  Mysore*'  and 
"Rangoon'*  were  solid-drawn  tabes,  like  the  specimen  exhibited^ 
with  which  the  joints  coald  be  made  steam-tight  with  still  greater 
certainty. 

The  Ohaibmah  asked  whether  any  wear  of  the  tabes  had  beea 
observed,  or  any  corrosive  action. 

Mr.  HuMPHBTS  replied  that  he  had  not  foand  any  wear  or  corrosion 
of  the  tabes  whatever,  and  the  condensers  had  not  given  the  slightest 
trooble  in  any  way.  The  cost  of  the  tape  packings  for  the  tabes  was 
veiy  small  and  they  were  obtained  at  16«.  per  thoasand,  ready  coiled 
for  patting  in  their  places  on  the  ends  of  the  tabes. 

Mr.  T.  Hawkslbt  was  glad  to  find  that  the  great  merits  of  Hall's 
surface  condenser  were  so  fully  acknowledged  in  the  paper  that  had 
been  read ;  he  was  intimate  with  Mr.  Hall  at  the  time  of  this 
invention,  and  thoaght  it  was  mach  to  be  regretted  that  the  inventor, 
after  making  a  large  fortane  by  other  inventions,  had  been  rained 
almost  entirely  by  this  particular  one.  His  surface  condenser  was 
introdaced  in  only  a  few  instances,  and  in  each  case  had  been 
removed  again  after  being  some  time  at  work.  The  construction  was 
exactly  as  had  been  described  in  the  paper  ;  and  the  reason  why  the 
condenser  was  objected  to  was  for  the  most  part  that  the  tubes  were 
found  to  dog  with  grease,  so  that  the  condensation  became  slow  ;  and 
although  the  means  were  simple  enough  for  cleaning  the  tubes,  by 
employing  some  alkaline  solution  that  would  combine  with  and  remove 
the  grease,  yet  nothing  of  that  kind  being  then  attempted   the 
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oondeiuen  did  not  act  MdeaHjy  and  on  that  aoeonnt  irere  abandoDed. 
In  the  next  place  the  boilers  accnmnlated  oil,  and  the  oil  bectme 
decomposed  into  a  thick  glney  or  Uary  sabstancSi  which  after  being 
kept  for  some  time  in  the  boilers  became  like  a  piece  of  india-mliber, 
and  got  into  a  semi-elastic  state :  this  snbstance  settled  down  upon 
the  plates  and  kept  the  water  off  the  surface,  so  that  the  plates  mre 
bnrnt.     Moreover  the  oil,  before  it  had  become  decomposed,  searched 
ont  eyery  little  defect  of  rivetting  and  closing  of  seams,  and  caused 
corrosion  to  take  place  at  that  part,  so  that  boilers  which  had  not 
leaked  before  began  now  to  leak.     These  effects  were  attributed  to  the 
introduction  of   the  surface  condensers,    rather  than  to  defectire 
workmanship ;    and  the   condensers    themselYes    were    accordingly 
removed.     The  coating  of  the  tubes  with  grease  and  the  effect  upon 
the  boilers  of  the  introduction  of  grease  into  them  were  the  only  two 
objections  that    could    be  raised    against  the    system    of   surfiue 
condensation,  and  he  beUeyed  they  could  be  removed  by  the  use  of  an 
alkaline  solution  as  had  been  described. 

In  respect  of  the  proportion  of  the  condensing  surface  to  tiie  horse 
power  of  the  engine,  Mr.  Hall  used  2800  square  inches  or  near!/ 
20  square  feet  of  condensing  surface  per  nominal  horse  power,  a  mnch 
larger  proportion  of  surface  than  had  now  been  mentioned.  When  the 
tubes  were  clean  and  that  proportion  of  condensing  surface  was  used, 
the  vacuum  was  formed  very  quickly ;  but  when  a  smaller  surface  was 
used  and  the  tubes  became  at  all  foul,  then  the  condensation,  althongfa 
at  the  end  of  the  stroke  very  perfect,  was  much  smaller  at  the 
commencement,  so  that  the  mean  vacuum  formed  during  the  whole  <^ 
the  stroke  was  much  less  than  by  the  ordinary  process  of  water 
injection. 

Mr.  O.  A.  EvvRiTT  remembered  Mr.  Hall's  endeavouring  nearly 
twenty  years  ago  to  obtain  solid-drawn  copper  tubes  for  his  condense; 
and  thought  the  failure  of  the  condenser  might  be  partly  due  to  the 
want  of  solid-drawn  tubes,  like  that  now  exhibited,  which  were  not 
made  at  that  time. 

Mr.  HuHPHBYS  did  not  think  the  failure  of  the  early  condensers 
could  be  attributed  to  the  want  of  solid-drawn  tubes,  because  the  tubes 
in  the  present  condensers  in  the  '^  Mooltan  "  were  like  those  used  by 
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Mr.  Hall,  brazed  tabes  snch  as  could  be  got  thirty  years  ago,  and 
similar  to  the  tabes  used  in  the  condensers  of  the  ''  Wilberforce  **  by 
Ur.  Fian<»s  Hamphrys  twenty-seyen  years  ago. 

Mr.  G.  A.  Eybbitt  remarked  that  brazed  tabes  were  made  better 
at  the  present  time  than  twenty  or  thirty  years  ago.  He  enqnired 
how  long  the  condenses  in  the  '^  Mooltan  *'  had  been  in  ose. 

Mr.  HuMPHBTs  replied  that  the  condensers  in  the  <*  Mooltan  "  had 
now  been  in  nse  nearly  two  years,  and  had  proved  perfectly  successfal, 
withoat  any  leak  in  either  the  tubes  themselves  or  the  staffing-boxes 
at  the  ends  of  the  tabes. 

As  regarded  the  proportion  of  condensing  surface  used  by  Mr.  Hall, 
the  condensers  in  the  *^  Wilberforce'*  had  about  14}  square  feet  of 
oondensing  surface  per  nominal  horse  power,  and  the  engines  worked 
at  about  double  the  nominal  power,  so  that  the  actual  condensing 
surface  was  7  J  square  feet  per  indicated  horse  power,  whilst  in  the 
"Mooltan"  it  was  only  2}  square  feet  per  indicated  horse  power. 
The  difference  however  was  explained  by  reference  to  the  indicator 
diagrams  (Figs.  18  to  15,  Plate  35),  from  which  it  was  seen  that  in 
the  <*  Wilberforce  '*  (Fig.  15)  a  cylinder  full  of  steam  at  atmospheric 
pressure  was  thrown  into  the  condenser  at  each  stroke ;  whereas  in 
the  <'  Mooltan  "  (Figs.  13  and  14)  the  steam  was  let  out  into  the 
condenser  at  only  2  or  3  lbs.  above  the  condenser  vacuum,  requiring 
consequently  a  mxick  smaller  proportionate  amount  of  surface  for 
condensation  to  maintain  the  same  degree  of  vacuum. 

Mr.  T.  Hawkslby  could  confirm  the  proportion  just  mentioned  of 
the  oondensing  surface  per  indicated  horse  power  in  the  "  Wilberforce  ", 
having  understood  £rom  Mr.  Hall  that  he  generally  adopted  the 
proportion  of  not  less  than  6  square  feet  of  condensing  surface  per 
indicated  horse  power,  the  steam  being  at  that  time  exhausted  into  the 
condenser  usually  at  about  atmospheric  pressure. 

Mr.  F.  J.  Bramwbll  regretted  that  the  question  of  nominal  and 
indicated  horse  power  was  mixed  up  in  the  consideration  of  the 
condensers;  and  thought  the  comparison  should  be  made  upon  the 
basis  of  the  weight  of  water  condensed  per  square  foot  of  condensing 
snr&ce  per  hour,  having  regard  to  the  vacuum  at  which  it  was 
condensed.     A  few  years  ago  he  had  made  some  experiments  on 


114  8UBFACB   C0MDBN8BB. 

surface  condensation^  in  conjnnction  with  Mr.  Cowper,  which  were 
conducted  with  great  care:  the  steam  was  passed  through  a  horisonUl 
tuhe  immersed  in  an  open  trough  of  water,  and  the  weight  of  water 
condensed  was  ascertained,  with  the  weight  of  the  water  passed 
through  the  trough  to  condense  it ;  the  amount  of  heat  put  into  the 
condensing  water  was  also  observed,  and  the  loss  due  to  radiation 
was  allowed  for.  It  was  found  that  with  a  stream  of  water  entering 
the  trough  at  the  end  at  which  the  condensed  steam  left  the  tube,  when 
the  steam  entering  the  tube  was  maintained  at  exactly  atmospheric 
pressure,  37}  lbs.  of  steam  per  hour  were  condensed  and  brooght 
down  to  a  temperature  of  107^  Fahr.  by  eyerj  square  foot  of 
external  surface  of  the  tube,  the  stream  of  condensing  water  entering 
the  trough  at  41^  and  leaving  it  at  100^  at  the  end  at  which  the 
steam  entered  the  tube. 

Mr.  HuMPHRTS  observed  that  in  the  condenser  described  in  the 
paper  the  condensing  water  driven  in  through  the  inlet  pipe  at  the 
bottom  caused  a  continual  rush  of  cold  water  over  the  surface  of  the 
tubes  ;  and  as  the  water  became  heated  it  would  immediately  rise  to 
the  top  of  the  condenser  and  be  discharged  through  the  outlet  vahes. 
If  any  increase  of  temperature  were  found  to  take  place  in  either 
division  of  the  condenser,  the  regulating  outlet  valves  afforded  the 
means  of  turning  a  greater  current  of  the  condensing  water  through  that 
division ;  and  in  ordinary  working  the  current  of  water  was  equally 
divided  between  the  two  portions  of  the  condenser  by  the  regulating 
valves.  By  thus  keeping  a  constant  and  uniform  flow  of  cold  water 
over  the  surface  of  the  tubes  the  proportion  of  condensing  surface  was 
reduced  to  2^  square  feet  per  indicated  horse  power,  which  he  believed 
was  as  small  a  proportion  as  any  surface  condensers  were  working  with. 

The  GHAinMAK  enquired  whether  the  efficiency  of  the  condensation 
was  found  to  increase  very  much  with  the  quantity  of  cold  water  driven 
through  the  condensers. 

Mr.  HuMPHRTs  replied  that  he  had  just  received  the  account  of  an 
experiment  which  had  now  been  tried  on  that  point  with  the  condensers 
of  the  *'  Mooltan.*'  In  crossing  the  bay  of  Biscay  the  temperature  of 
the  sea  rose  gradually  from  58^  to  70''  Fahr. :  and  at  the  higher 
temperature  the  vacuum  in  the  condenser  of  the  forward  engine  was 
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26|  inches  of  mercnrj,  and  in  that  of  the  after  engine  26^  inches. 
The  discharge  valyes  of  the  condenser  of  the  after  engine  were  then 
closed,  so  as  to  allow  the  whole  of  the  condensing  water  driven  by  the 
centrifugal  pump  to  pass  through  the  other  condenser,  and  the  vacnnm 
in  the  forward  condenser  was  thereby  raised  to  27}  inches ;  that  is  it 
rose  g  inch  when  the  quantity  of  water  passing  through  the  condenser 
was  doubled.  Practically  therefore  no  difference  was  produced  in  the 
condensation  by  increasing  the  quantity  of  condensing  water  beyond 
that  employed  for  maintaining  the  vacuum  in  ordinary  working. 

Mr.  E.  A.  CowpER  could  confirm  what  had  been  stated  by  Mr. 
Bramwell  as  to  the   experiments   that  they  had   tried   on   surface 
condensation :  the  experiments  being  made  with  the  tube  placed  in 
an  open  trough,   all  the  changes  that  took  place  could  readily  be 
observed.     The  first  change  that  took  place  in  the  appearance  of 
the  tube  was  that  it  began  to  look  as  though  it  had  a  bloom  on  it, 
a  sort  of  foggy  or  misty  appearance,  which  was  attributed  to  the 
air  in  the  water  coming  in  close  contact  with  the  tube  and  remaining 
there.      This  was  wiped  off,  but  soon  returned  again,   and  after  a 
time  small  bubbles  of  air  began  to  be  formed   on    the    surface    of 
the  tube,  increasing  in  size  from  l-d2nd  inch  diameter  up  to  as 
much  as  about  3-16ths  inch,  when  the  bubbles  began  gradually  to 
leave  the  tube  and  float  up  through  the  water.      But    before    this 
took  place,  one  half  of  the  tube  surface  was  enclosed  in  air,  in  a 
Bort  of   air  jacket,   which   effectually  kept  the  water    from    close 
contact  with  that  part  of  the  tube.     After  the  air  bubbles  had  been 
brushed  off,  they  began  to  collect  again,  and  in  a  few  minutes  the 
Bame  effect  was  produced ;  so  that  in  regular  working  he  was  satisfied 
that  with  horizontal  tubes  one  half  of  the  surface  was  non-effective 
when  the  water  was  at  rest,  the  non-conducting  layer  of  air  keeping 
the  water  from  the  tubes.     The  horizontal  position   of  tubes   in 
condensers  he  therefoi^  thought  was  erroneous  in  principle,  whether 
the  water  were  outside  or  inside  the  tubes.      In  the  experiments  the 
steam  was  inside  and  the  water  outside,  whereby  there   was  less 
obstruction  to  the  air  in  rising  from  the  horizontal  tube  than  when  the 
water  was  inside ;  for  it  was  evident  that  if  the  water  was  inside, 
xmless  there  was  a  great  rush  of  water  the  air  would  remain  in 
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the  tnbe,  and  the  npper  part  of  the  tabe  might  be  thorongbly 
coated  with  air.  He  thought  it  was  preferable  in  practice  to  pat 
the  condenser  tabes  vertical,  with  the  water  inside  them ;  and 
believed  that  a  strong  current  of  water  up  through  the  tubes  in  the 
direction  in  which  the  air  bubbles  would  naturally  rise  would  be  veij 
efficient  in  brushing  them  off.  It  might  even  be  worth  while  to  pat 
a  spiral  brush  inside  each  of  the  tubes  in  the  condenser,  vhid 
would  not  seriously  obstruct  the  passage  of  water  through  the  tobesi 
and  might  occasionally  be  moved  up  and  down  a  few  inches  in  order 
to  remove  the  air  bubbles.  It  was  clear  that  a  large  portion  of  the 
surface  of  the  tubes  was  covered  with  air ;  and  this  ought  to  be  borne 
in  mind  in  constructing  any  condenser,  whether  the  tubes  were  vertical 
or  horizontal,  or  the  water  inside  or  outside. 

The  Chaibhan  enquired  whether  the  effect  of  a  strong  current  of 
water  in  removing  the  air  bubbles  from  the  surface  of  the  tubes  bad 
been  ascertained. 

Mr.  E.  A.  CowPBR  replied  that  he  had  tried  experiments  to 
ascertain  the  effect  of  a  current,  and  found  that  a  strong  current  of 
water,  equal  to  10  feet  head,  running  freely,  brought  the  air  babbles 
off  pretty  well :  3  feet  head  of  water  brushed  a  few  of  t^em  off,  that 
is  all  that  were  as  much  as  l-8th  inch  diameter ;  but  if  there  was  no 
current,  they  would  increase  to  the  size  of  d-16ths  inch  diameter 
before  quitting  the  surface  of  the  tube.  But  he  had  not  been  able  to 
get  any  current  strong  enough  to  take  the  bloom  of  minute  air 
bubbles  off  the  tube,  and  considered  this  could  be  done  only  by  direct 
mechanical  means.  He  thought  therefore  the  tubes  ought  to  be 
vertical,  with  the  water  passing  up  through  the  inside  of  them, 
as  the  sectional  area  of  passage  inside  the  tubes  was  less  than  that 
outside,  so  that  the  velocity  of  the  current  of  water  would  be  greater 
over  the  surface.  Moreover  in  a  forest  of  tubes,  as  in  the  condenser 
shown  in  the  drawings,  there  was  a  difficulty  in  getting  any  strong 
current  of  water  into  the  middle  of  that  forest,  unless  there  were 
openings  or  gangways  purposely  left  amongst  the  tubes  for  it  to 
pass  in.  No  doubt  the  condenser  described  in  the  paper  was  a  very 
efficient  one ;  the  only  question  was  whether  it  could  not  be  made 
still  more  efficient. 
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In  reference  to  the  darability  of  the  tnbes  used  in  the  condensers, 
some  of  the  brazed  tubes  used  by  Mr.  Hall  certainly  did  split  and 
leak,  though  many  of  them  answered  their  purpose  very  well :  but  it 
was  undoubtedly  a  great  advantage  in  the  construction  of  surface 
condensers  at  the  present  time  to  be  able  to  obtain  such  sound  tubes 
as  the  solid-drawn  copper  tubes  now  exhibited. 

The  action  of  grease  in  the  boilers  when  surface  condensers 
were  used  appeared  not  to  have  been  generally  understood :  copper 
boilers  were  very  common  just  before  the  introduction  of  HalPs 
Bxaface  condenser,  but  as  soon  as  it  was  applied  iron  boilers  were 
used,  which  were  found  to  su£fer  considerably  from  little  holes 
being  eaten  into  the  plates  inside ;  and  it  was  supposed  that  small 
particles  of  copper  from  the  condenser  tubes  were  carried  over  into 
the  boiler  with  the  distilled  water,  and  that  a  sort  of  galyanio 
battery  was  formed  which  produced  the  small  holes  in  the  boiler 
plates.  He  believed  however  that  this  was  a  mistaken  idea,  and 
that  the  effect  was  not  produced  by  galvanic  action,  but  more 
probably  arose  from  the  grease  and  tallow  used  to  lubricate  the 
engine  becoming  decomposed  by  the  constant  action  of  steam  or 
hot  water.  If  any  ordinary  fat,  such  as  tallow  or  the  common  oils 
having  a  neutral  base,  were  boiled  in  water  or  submitted  to  the 
action  of  steam  for  a  long  time,  a  fat  acid  was  formed ;  and  the  fat 
adds  were  very  actively  corrosive,  particularly  on  iron.  Hence  the 
grease  settling  on  the  sides  of  the  boiler,  and  becoming  an  active 
&t  add,  would  eat  into  the  iron  plates  just  like  sulphuric  or  any 
other  add,  dissolving  the  metal  chemically;  and  he  believed  this 
was  the  sole  cause  of  the  boilers  being  damaged  when  surface 
oondensers  were  used. 

Mr.  0.  H.  BoviLL  observed  that  it  was  of  importance  to  have 
some  information  as  to  the  actual  amount  of  difference  in  efficiency 
between  vertical  and  horizontal  tubes  for  condensing.  He  remembered 
that  some  years  ago,  when  experiments  were  made  with  Du  Tremblay^s 
sarface  condenser,  it  was  found  that  there  was  a  great  advantage  in 
having  horizontal  tubes  in  the  condenser;  and  in  the  case  of 
several  large  surface  condensers  for  sugar  works,  put  up  by 
Mr.  Pontifex,  in  which  the  tubes  were  horizontal  and  the  condensing 
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water  was  supplied  in  a  sort  of  shower  bath  on  the  ontside  of  the 
tabes,  a  much  better  result  was  obtained  with  the  horizontal  tabes. 

With  reference  to  the  fiedlare  of  Hall's  condenser,  he  beliered  s 
great  deal  was  due,  as  had  been  suggested,  to  the  defectiye  make  of 
the  brazed  tubes.  At  the  time  when  the  experiments  described  bj 
Mr.  Bramwell  and  Mr.  Cowper  were  made,  which  were  condncted  for 
the  purpose  of  Du  Tremblaj's  condenser,  it  was  considered  advisable 
to  test  every  tube,  as  it  was  of  great  importance  to  get  good  soond 
tubes.  Each  tube  was  tested  under  water  with  a  considenble 
pressure  of  air,  so  that  the  slightest  leakage  was  detected  by  the  air 
bubbles  rising ;  and  when  thus  tested  the  percentage  of  leaky  tabes 
was  very  large,  although  they  had  appeared  perfectly  sound  onder 
steam  proof;  therefore,  although  the  tubes  in  Hall's  condensers 
might  have  appeared  sound,  unless  they  were  put  to  some  soch  seyere 
test  they  might  have  failed  in  working.  Moreover  in  the  en^es 
where  Hall's  condenser  was  formerly  applied  the  pistons  had  the  old 
hemp  packing,  and  great  quantities  of  tallow  were  accordingly  osed. 
Now  however  the  surface  condensers  had  certainly  a  better  chance  of 
success  than  ever  previously,  and  he  thought  much  better  resolts 
might  be  expected  with  the  present  improved  constructions.  He 
enquired  how  the  expansion  of  the  tubes  had  been  found  to  act  apon 
the  joints  at  the  ends  of  the  tubes  in  the  condensers  of  the  ^'  Mooltan." 

Mr.  HuMPHRYs  explained  that  every  tube  was  perfectly  free  to 
expand  by  means  of  the  stuffing-box  at  each  end  ;  but  by  screwing 
down  the  gland  tighter  at  one  end  the  tube  was  practically  oiade  ft 
fixture  at  that  end,  being  still  free  at  the  other  end,  and  no  trouble 
whatever  had  been  experienced  with  the  joints. 

Mr.  W.  Richardson  enquired  what  means  could  be  employed  to 
prevent  the  injurious  effect  of  grease  upon  the  boiler  plates  when  a 
surface  condenser  was  used,  from  its  lodging  upon  the  plates  o?er 
the  fire  and  allowing  them  to  get  hot,  and  also  firom  its  corrosive 
action  upon  the  plates. 

Mr.  E.  A.  OowpEB  replied  that  a  simple  plan  for  preventing  the 
grease  from  acting  in  any  way  upon  the  boiler  plates  was  to  give  it 
something  else  to  act  upon,  by  placing  a  lump  of  chalk  or  some 
similar  base  in  the  boiler,  which  neutralised  the  acid;  a  solid  insolabk 
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mmp  was  thus  fonned  in  the  boiler,  nearly  as  hard  as  chalk,  which 
remained  unchanged  in  the  water  for  any  length  of  time.  He  had 
seen  large  lumps  of  this  neutralised  grease  taken  out  from  a  boiler, 
whidi  had  done  no  harm  to  the  plates  and  caused  no  trouble ;  they 
either  floated  on  Uie  surface  or  went  down  to  the  bottom  in  solid 
lumps,  and  no  priming  was  occasioned  by  their  presence  in  the 
boiler.  In  ordinary  boilers  without  surface  condensation,  the  grease 
was  carried  away  with  the  water;  but  with  surfeuse  condensers 
returning  constantly  the  same  water  to  the  boiler,  the  strength  of 
the  acid  grease  was  continually  augmented,  and  it  became  necessary 
to  add  the  neutralising  base  purposely,  to  prevent  injurious  action 
on  the  plates,  unless  there  was  sufficient  impurity  in  the  water  that 
was  added  to  make  up  for  waste. 

Surfaoe-eraporative  condensers  with  horizontal  tubes  and  the 
steam  inside  the  tubes,  having  water  trickling  outside  to  keep  them 
wet,  as  had  been  alluded  to,  had  been  made  by  Mr.  Perkins  with 
iron  tubes  1^  inch  diameter,  double  the  diameter  of  the  copper  tubes 
exhibited.  In  that  plan  of  condenser  it  was  necessary  to  have 
the  tubes  horizontal,  because  if  they  were  placed  vertically  it 
would  evidently  be  very  difficult  to  keep  them  wet  from  the  top 
to  the  bottom,  and  this  indeed  could  be  done  only  by  a  perfect 
shower  of  water ;  where^  when  they  were  horizontal  they  could 
be  kept  wet  with  a  very  Uttle  water.  This  plan  of  condenser  with 
horisontal  copper  tubes  had  long  been  used  by  sugar-boilers  for 
eraporating  the  saccharine  solution.  He  had  put  up  several 
snrfSMe-evaporatave  condensers  made  by  Mr.  Perkins  for  steam 
engines,  and  they  answered  admirably. 

Mr.  T.  Hawkslbt  mentioned  that  Mr.  Hall  made  an  excellent 
glass  model  of  the  condenser  with  glass  tubes,  in  order  to  observe  the 
difference  of  action  with  horizontal  and  vertical  tubes,  the  steam  being 
inside  the  tubes  in  both  cases.  When  the  tubes  were  horizontal,  the 
steam  being  let  in  at  one  end,  the  other  end  of  the  tubes  was  filled 
with  water;  and  on  the  steam  being  let  in,  the  water  was  observed  to 
be  blown  forwards  6  or  8  inches,  and  afterwards  returned  again 
Sradually  along  the  tubes,  so  that  they  were  in  lact  never  dear  of 
water.    When  the  tubes  were  vertical,  and  the  steam  admitted  at  the 
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topi  they  were  of  ooorae  alwmjs  emptj.  Witb  the  borisontil  lahi 
however  the  condensed  water  inside  the  tobes  became  Teiy  oold  and 
the  steam  i^ipeared  to  be  n^idlj  condensed  bj  contact  with  it;  so  tint 
there  was  no  obsenrable  difference  in  the  time  occq^ed  by  condensrtiiiB, 
whether  the  tabes  were  horizontal  or  yerticaL 

The  Chaibmah  remarked  that  there  mnst  be  an  analogy  betireea 
sor&ce  condensers  and  boilers  with  horizontal  and  with  vertical  tubes ; 
and  it  was  known  that  in  boilers  with  vertical  tabes  the  prodoctioQ  df 
steam  was  less  rapid,  owing  to  the  lodgment  of  air  npon  the  oatnde 
of  the  tobes.  He  suggested  that  it  might  be  practicable  to  combiiie 
the  advantages  of  both  forms  of  condenser  bj  causing  the  carrent  of 
condensing  water  to  be  driven  across  the  tobes;  in  which  case,  bo  ht 
as  lodgment  of  air  on  the  tabes  was  concerned,  precisely  the  Bame 
cooling  effect  woold  be  prodooed  as  in  the  horizontal  arrangement, 
while  at  the  same  time  the  tabes  woold  be  perfectly  drained  by  tbeir 
vertical  position.  In  the  condenser  shown  in  the  drawings  the  can«ot 
of  water  appeared  to  be  an  ascending  onci  parallel  with  the  tubes 
instead  of  across  them. 

Mr.  T.  Hawkslet  said  the  plan  of  driving  the  corrent  of 
condensing  water  across  the  tobes  had  also  been  tried  by  Mr.  Hall, 
hot  no  advantage  was  foond  to  be  derived  from  it. 

Mr.  J.  F.  Spehobb  remarked  that,  in  reference  to  the  {wevvaDttioa 
of  corrosion  in  the  boilers  when  sorfaoe  condensers  were  used,  he  bad 
had  two  or  three  serioos  cases  of  corrosion  in  boilers,  and  in  each  ease 
it  had  been  stopped  by  the  simple  plan  of  m  Airing  «  change  in  the 
water  sopplied  to  the  boilers,  which  he  believed  was  the  best  remedj. 
Whether  the  corrosion  arose  from  the  add  of  the  grease,  or  from  the 
presence  of  copper,  or  from  whatever  cause,  it  might  easily  be  removed 
by  shotting  off  the  aoxiliary  boiler  and  supplying  a  small  quantitj  of 
salt  water,  so  as  to  make  a  complete  change  in  the  water  daring  a 
given  period  of  time.  In  the  steamers  of  the  Canadian  line  a  serioos 
corrosive  action  had  been  foond  to  be  going  on  in  many  parts  of  tbe 
boilers,  which  was  completely  stopped  by  this  means,  and  no  aoeh 
action  had  taken  place  since. 

Mr.  E.  A.  CowFBB  had  heard  of  a  vessel  fitted  wiUi  sorfiioo 
condensers,  which  made  a  few  voyages  to  America  and  baeky  9xA 
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ili0  boilen  frore  nearly  destroyed  by  the  corrosion,  liaTing  been 
n^Ked  with  distilled  water  from  the  first.  In  a  sister  yessd 
however  the  boilers  were  filled  with  salt  water  in  the  first  instance, 
and  thai  the  supply  was  kept  np  with  distilled  water,  and  they 
were  not  foond  to  corrode. 

Mr.  J.  F.  Bpsnobb  said  that  was  the  case  he  had  referred  to,  and 
both  the  ships  were  fitted  with  surface  condensers  in  the  same  way : 
the  first  ship  ran  three  voyages  to  America  and  back  before  the 
oorrodTe  action  was  noticed ;  but  in  the  second  ship  the  corrosion  was 
chewed  almost  as  soon  as  it  had  commenced. 

Mr.  Q.  H.  BoTiLL  enquired  whetiier  the  boilers  in  these  American 
Teasels  were  new  boilers,  or  old  boilers  to  which  new  surface  condensers 
bad  been  applied.  If  they  were  new  boOers  he  could  understand  that 
by  admitting  a  certain  quantity  of  salt  water  to  give  a  kind  of 
encrusted  surface  to  the  plates  the  corrosive  action  upon  them  would 
be  prevented. 

Mr.  J.  F.  SmoBB  replied  that  the  boilers  were  quite  new  in  both 
caaes.  In  another  vessel  that  had  now  been  running  for  about  ^re 
yean,  the  boiler  had  been  worked  with  surface  condensers  from  the 
first,  bat  the  water  had  always  been  changed  from  the  commencement 
at  r^^nlar  intervals ;  in  this  instance  the  boiler  was  still  very  nearly 
in  its  primitive  condition,  and  scarcely  deteriorated  at  all,  and  the 
boiler  tubes  had  lasted  4J  years,  which  was  about  the  usual  average. 

Mr.  HuMPHBTS  said  that,  as  to  the  deterioration  of  boilers  when 
anrface  condensers  were  used,  the  experience  in  the  *'  Mooltan  *'  had 
been  most  satisfactory ;  the  boilers  were  as  perfect  now,  after  the 
vessel  had  run  42,000  miles,  as  when  they  were  started ;  there  was  no 
appearance  whatever  of  any  corrosive  action  in  them,  though  no 
precautions  whatever  had  been  taken  to  prevent  it.  In  the  case  of  the 
*'  Grappler  *',  he  had  carefally  examined  the  insides  of  the  boilers 
after  they  had  been  at  sea  on  the  coast  of  Africa  for  three  years, 
and  no  corrosion  had  taken  place;  and  also  in  the  boilers  of  the 
^Pe&dqpe''  there  had  been  no  corrosion  after  six  years'  work :  both 
tbese  vessels  having  Hall's  condensers.  He  was  at  a  loss  to  account 
for  the  corrosion  stated  to  have  occurred  in  the  other  instances  that 
bad  been  mentioned,  where  surface  condensers  had  been  used. 
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Hr.  O.  H.  Botox  enquired  whether  the  waste  of  wmter  firont  ifas 
boilerB  in  the  **  MoolUoi "  was  made  op  with  salt  wat«  or  distined 
water ;  and  also  whether  the  holier  tubes  were  made  of  different  metal 
in  these  boilers  and  in  those  which  had  suffered  from  corrosion. 

Mr.  HuMPHRTB  replied  that  the  waste  of  water  in  the  boOen  wu 
made  op  with  distilled  water  in  the  *'  Mooltan  ",  as  well  as  in  the 
other  cases  that  he  had  named ;  there  were  no  tnbes  in  the  boilen, 
which  were  constrocted  on  the  plan  of  a  series  of  alternate  flat  Aim 
and  water  spaces,  and  were  entirelj  of  iron. 

Mr.  J.  F.  Spbncsb  said  the  tabes  in  the  boilers  he  had  spoken  of 
were  iron  tabes ;  bat  the  corrosion  was  not  confined  to  the  tobeSi  bat 
acted  eqoallj  on  the  plates  of  the  boilers. 

Mr.  T.  Hawkslkt  remarked  that  in  the  land  engines  to  whieh 
Mr.  Hall  applied  his  saiface  condensers  no  corrosive  action  wis 
obserred  in  the  boilers,  which  were  iron  boilers  of  an  ordinary  kind. 

The  Ghaibmah  onderstood  superheating  of  the  steam  had  been 
adopted  in  the  *'  Mooltan  ",  and  enquired  whether  the  peculiarly 
snccessfal  results  of  the  surface  condensersy  more  especially  as  regarded 
the  preservation  of  the  boilers,  could  be  ascribed  in  any  way  to  thsi' 
circumstance.  He  asked  also  what  amount  of  saving  was  effected  bj 
superheating  the  steam. 

Mr.  HuMPHBTB  replied  that  the  engines  of  the  ''  Mooltan  *'  were 
working  with  superiieated  steam,  but  he  did  not  consider  that  thii 
could  bear  at  all  upon  the  prevention  of  corrosion  in  the  boilers.  The 
amount  of  saving  effected  by  the  superheating  in  this  case  he  had  not 
been  able  to  ascertain  accurately,  having  had  no  means  of  analysing 
the  results  to  learn  the  proportion  due  to  superheating.  The  readiest 
method  was  to  take  the  indicated  horse  power  of  the  engines  ss 
the  basis  of  comparison  ;  and  with  this  standard  he  was  satisfied  thit 
a  considerable  saving  of  fuel  was  effected  by  superheating  in  comparison 
with  other  vessels  using  ordinary  steam,  having  obtained  an  economy 
averaging  from  15  to  30  per  cent,  with  superheated  steam.  Buch  an 
amount  of  saving  was  of  great  importance  when  it  was  considered  that 
some  companies  were  now  paying  as  much  as  £800,000  per  year  for 
coals.  At  the  time  of  fitting  the  <<  Oeylon ''  with  engines  3}  yean 
ago  he  put  in  a  superheater  made  of  sheet  iron  with  plates  ^  in<^ 
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thick ;  and  three  months  ago  the  plates  were  fonnd  to  be  nearly  cut 
away  with  the  rash  of  steam,  having  been  in  work  2|  years.  The 
saving  effected  was  so  satisfactory,  amounting  to  about  22  per  cent., 
that  the  iron  superheater  had  now  been  replaced  by  one  of  copper 
weighing  10  tons. 

The  Chairman  enquired  what  amount  of  superheating  was  given 
to  the  steam. 

Mr.  HfJMPHRTS  replied  that  the  steam  was  heated  to  about 
810^  or  320^  Fahr.,  and  sometimes  as  much  as  350^,  the  object 
being  to  give  about  100**  of  superheating,  though  80®  was  found 
sufficient  in  practice  for  obtaining  good  results.  He  did  not  think 
die  superheating  could  be  carried  to  a  greater  extent  without  causing 
trouble  with  the  rubbing  surfaces  by  evaporating  the  lubricating 
material. 

The  Chairmah  asked  whether  the  present  successful  use  of  the 
Burfaoe  condensers  could  be  ascribed  to  the  use  of  a  smaller  quantity 
of  grease  in  the  engines  than  formerly. 

Mr.  HuMPHRTS  thought  the  success  of  the  surface  condensers 
was  mainly  due  to  that  cause,  as  very  little  grease  was  used  in  the 
engines  fitted  with  the  surface  condensers.  A  pipe  open  to  the  water 
space  of  the  boilers  was  attached  to  the  top  of  each  cylinder,  so  that  if 
the  engine  began  to  ''  sing  out  ^'  for  want  of  lubrication  a  small  jet  of 
water  was  turned  on  into  the  cylinder,  to  prevent  its  being  too  dry : 
there  was  also  the  means  of  supplying  oil,  but  the  main  resource  was 
water,  which  satisfactorily  answered  the  purpose. 

Hie  Chairman  remarked  that  all  engineers  must  agree  in  feeling 
themselves  under  an  obligation  to  Mr.  Hall  who  originally  proposed 
the  system  of  surface  condensation,  though  he  did  not  succeed  in 
hrin^g  it  fully  to  maturity;  and  they  were  much  indebted  to 
Mr.  Humphrys  for  now  bringing  forward  this  interesting  and 
important  subject,  having  succeeded  in  reviving  a  valuable  invention 
which  had  fallen  into  abeyance  for  so  long  a  time.  It  might  be 
remarked  in  connexion  with  the  surface  condenser  that  the 
Bolid-drawn  copper  tube  now  exhibited  afforded  an  example  of  how 
progress  in  one  manufacture  administered  facilities  to  other  branches 
of  engineering ;  for  it  was  clear  that  the  brazed  tube,  however  it  had 
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snooeeded  in  the  condensers  described  in  the  paper,  was  by  no  menu 
eqnal  to  the  solid-drawn  tube ;  and  nndonbtedly  the  introdnctioa  of 
the  latter  would  be  a  great  adysntage  in  perfecting  the  system  d 
snr&ce  condensation. 

He  proposed  a  Tote  of  thanks  to  Mr.  Homphiys  for  his  paper, 
which  was  passed. 


The  following  paper  was  then  read  : — 
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ON  THE  APPLICATION  OP  THE  COPYING  PRINCIPLE 
IN  THE  MANUFACTURE  AND  RIFLING  OF  GUNS. 


Bt  Mb.  JOHN  ANDEBSON,  of  Woolwich. 


At  the  Newcastle  Meeting  of  this  Institution  in  1858  the  writer 
gave  a  paper  on  some  applications  of  the  Copying  or  Transfer 
principle  in  the  production  of  wooden  articles.  The  object  of  the 
present  paper  is  to  give  a  oontinnation  of  the  same  subject  with 
reference  to  productions  in  metal,  more  especially  in  connexion  with 
the  manufacture  of  rifled  guns  or  similar  structures. 

The  leading  feature  in  all  modem  contrivances  for  producing  a 
definite  form  of  precise  dimensions  is  the  introduction  of  the  required 
fonn  into  the  apparatus  in  various  ways,  by  means  of  sliding  rests, 
rolls,  or  dies,  and  under  many  other  modifications ;  the  machinery 
being  arranged  generally  in  such  a  manner  that  the  required  form 
may  be  transferred  to  the  article  under  operation  without  being 
dependent  upon  any  particular  skill  of  the  attendant  workman, 
beyond  that  minute  acquaintance  with  the  principles  of  the  cutting 
or  working  of  the  metal  and  the  best  formation  of  the  cutting 
instrument  or  other  details,  upon  which  so  much  depends  as  regards 
both  quality  of  produce  and  cost  of  manufacture.  In  looking  back  to 
the  early  days  of  the  turning  lathe,  before  the  introduction  of  the 
transfer  principle  in  the  sliding  rest,  it  is  interesting  to  observe  that 
even  then  the  lathe  was  a  perfect  instrument  so  far  as  it  was  a 
wppng  machine;  those  common  lathes  that  were  made  with  a 
perfectly  round  spindle  neck,  if  any  such  existed,  would  yield  a  round 
figure  in  the  'article  under  operation,  providing  that  the  cutting 
instrument  was  held  steadily.  And  even  in  a  still  higher  degree  was 
eorrect  workmanship  attained  in  the  old-fashioned  dead  centre  lathes ; 
if  the  centre  holes  in  the  article  to  be  turned  were  formed  with 
moderate  care  and  the  article  held  steadily  between  the  centres,  then 
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the  surface  developed  by  the  cutting  instrument  when  firmlj  held 
would  be  as  perfect  a  circle  as  one  described  by  a  pair  of  compasses. 

With  such  apparatus  however  the  chances  of  error  were  numeroQ8| 
arising  principally  from  the  spindle  necks  not  being  perfectly  roand ; 
for  even  in  the  case  of  modem  lathes  a  perfect  spindle  neck  is  more 
rarely  obtained  than  is  generally  supposed,  as  a  close  examination 
will  show,  the  polygonal  form  being  much  more  predominant  than  the 
true  circle.  There  are  lathes,  even  among  those  of  the  most  recent 
make,  which  have  only  to  be  handled  gently  to  show  their  condition 
in  this  respect.  Until  recently  such  approximations  to  .roundness 
were  sufficient;  but  the  extensive  introduction  of  the  Whitworih 
gauges  into  workshops  has,  besides  teaching  the  importance  of  precise 
dimensions,  made  engineers  familiar  with  true  circles.  Hence  there 
is  now  a  much  greater  appreciation  of  positive  truth  of  workmanship, 
where  truth  is  important ;  and  in  well  conducted  workshops  there  is 
a  constant  striving  after  that  condition  and  a  gradual  closing  op  of 
every  avenue  whereby  error  can  creep  in. 

Such  extreme  accuracy  is  sometimes  thought  to  be  more  costiy 
than  a  less  careful  system  ;  but  the  writer  has  arrived  at  a  contwy 
opinion,  and  is  convinced  from  observation  in  other  workshops  as 
well  as  in  that  under  his  own  superintendence  that  while  extreme 
accuracy  may  be  more  expensive  at  the  outset,  especially  from  the 
want  of  workmen  competent  to  carry  it  out,  yet  with  a  littie 
perseverance  the  advantage  arising  from  it  will  be  clearly  perceiTed 
and  the  apparently  inordinate  cost  will  shortly  be  brought  below  that 
of  less  perfect  arrangements.  Many  articles  after  being  eaxeilBllj 
turned  and  planed  have  to  undergo  a  long  course  of  filing  and 
scraping  before  they  are  brought  to  the  required  quality  of  surface; 
whereas  if  a  small  fraction  of  this  outlay  were  spent  in  making  the 
copy  in  the  lathe  spindle  or  the  copy  in  the  plane  perfect  as  patterns,, 
the  great  expense  of  subsequent  fitting  would  be  avoided.  Hanj 
examples  bearing  on  this  point  could  be  given  were  it  required :  aa 
illustration  may  be  named  that  came  under  the  writer^s  experience 
in  the  manufacture  of  guns  at  Woolwich  Gun  Factory.  Certain 
rings  about  a  foot  in  diameter  had  to'  be  fitted  on  corresponding 
cylinders,  and  were  required  to  be  perfectly  easy  to  move,  yet  withoot 
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shake,  as  any  looseness  in  the  fit  rendered  them  useless  ;  they  had 
therefore  to  fit  approximately  like  the  Whitworth  gauges.  Seyeral 
good  new  lathes  were  tried  in  vain  ;  endless  scraping  and  grinding 
had  to  be  resorted  to.  Still  the  writer  was  convinced  that  if  the 
source  of  roundness  w^re  positively  round,  the  result  ought  not  to  be 
out  of  truth.  Measures  were  accordingly  adopted  to  obtain  perfection 
of  roundness  and  steadiness  in  the  lathe,  at  little  more  than  the  cost 
of  fitting  one  of  the  rings  ;  and  the  subsequent  cost  of  the  rings  was 
thereby  reduced  from  the  value  of  nearly  three  days^  work  to  less 
than  an  hour's.  The  lathe  spindle  became  a  true  copy,  the  sliding 
rest  a  correct  medium  of  transfer,  and  the  combination  of  the  two 
yielded  the  required  truth  and  roundness.  A  similar  case  occurred 
XQ  the  manufacture  of  a  number  of  large  fire  cocks :  the  sockets  and 
plugs  were  carefully  turned,  but  they  would  not  resist  the  water 
pressure  without  a  great  deal  of  scraping  and  grinding,  until  the 
lathe  spindle  was  positively  brought  to  perfect  roundness,  when  the 
taming  alone  made  them  fit  with  scarcely  any  grinding.  The  lathe 
is  a  copying  machine,  and  just  as  its  bearing  surfaces  are  so  is  the 
work  produced. 

In  preparing  the  successive  layers  of  tubes  or  cylinders  for  building 
up  the  Armstrong  gun,  it  is  absolutely  essential  that  strict  attention 
should  be  paid  to  the  truth  and  concentricity  of  the  several  parts,  in 
order  to  obtain  a  bearing  of  the  whole  surface ;  more  especially  as  the 
work  approaches  completion  is  it  necessary  to  ensure  truth  and  correct 
rarfaces.  With  the  view  therefore  of  securing  these  results  without 
being  entirely  dependent  on  the  men  who  attend  to  the  turning  lathes 
or  even  on  the  accuracy  of  the  lathes  themselves  when  they  are  old 
and  not  very  reliable,  and  with  the  view  also  of  preventing  the  quality 
of  the  work  from  degenerating  when  attention  is  withdrawn  from  this 
part  of  the  manufacture,  the  writer  has  adopted  the  methods  about  to 
be  described,  iSj  which  the  object  is  attained  with  simple  arrangements 
for  transferring  the  original  and  carefully  prepared  true  roundness  to 
the  successive  portions  of  the  guns ;  and  although  containing  no  new 
contrivance,  still  a  description  of  the  particular  arrangements  adopted 
may  be  interesting. 
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Aa  befi«e  olwenredy  altlioagh  a  perfect  cirde  miglit  be  expected 
to  be  obtained  from  a  dead  centre,  the  actual  leeolt  depends  oa  tk 
condition  of  tlie  centres.     The  centre  point  maj  be  pdygana!,  evea 
thoag^  to  the  eye  it  appears  ronnd;    and  if  tlie  centre  bole  is 
cardesely  made  with  a  common  drill,  the  dianoes  are  many  tint  it 
is  not  roond.     Hence  under  sndi  circamstances  the  work  toned  will 
not  be  tnie,    bnt  will  be  in  form  some  combination  of  the  two 
anrfeces  by  which  it  has  been  produced :  bnt  if  both  these  are  roond, 
the  work  turned  will  be  truly  round  also.     The  rough  cylinders  or 
tubes  for  the  guns  as  they  arriye  from  the  forge  are  first  fitted  with 
temporary  centres,  and  are  then  turned  on  a  dead  centre;  aftowhidi 
the  temporary  eentr^  are  removed,  the  turned  part  of  one  end  of  the 
tube  is  pushed  into  a  chuck  and  the  other  end  is  placed  in  a  besii^g. 
The  true  surfsce  which  is  obtained  from  the  dead  centre  beooBMS 
the  copy  and  form  for  the  after  opening  of  a  portion  of  the  iaierior 
by  a  slide  rest;  this  interior  portion  then  becomes  the  guide  for  s 
half-round  boring  bit,   which  again  in  its  turn  is  the  instromeat 
to  transfer  the  copy  of  the  ronnd  hole  onwards,  althou^  is  sa 
imperfect  manner  when  strictly  examined.      A  repetition  of  the 
process    by    another    opening  and  a  second  boring  bit  still  further 
improres  the  bore;    but  even  still  when  carefully  measured  it  is 
imperfect,  although  ready  for  being  turned  on  the  outside.    Frerioos 
howeyer  to  the  turning  being  performed  on  the  outside  of  this  first 
or  inner  tube,  a  second  or  outer  tube  is  treated  and  bored  in  a  similtf 
manner,  but  still  more  carefully ;  and  with  this  outer  tube  an  attempt 
is  made  at  correct  dimensions  in  the  bore.     After  boring,  it  pssses  to 
a  measuring  department  to  have  any  line  of  roughness  on  the  surfue 
of  the  bore  remored :  the  correct  dimensions  are^  carefully  taken  at 
every  twelve  inches  to  three  places  of  decimals  by  means  of  a  v^er 
instrument,  and  all  the  dimensions  are  recorded  on  a  slip  of  paper, 
together  with  the  respective  amounts  of  contraction  to  be  given. 
The  latter  are  always  represented  by  a  decimal  in  the  third  plaoe, 
amounting  to  one,  two,  or  three  thousandths  of  an  inch;  diffeiiog 
according  to  the  part  where  it  is  deemed  most  advantageous  to  make 
the  first  seizure,  and  gradually  diminishing  towards  the  muasle  ead 
in  order  that  there  may  be  freedom  for  the  longitudinal  contraction. 
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It  may  be  tuefdl  here  to  direct  the  attention  of  engineers  to  the 
use  of  the  Tender  for  fine  measurement.  In  the  Royal  Onn  Factories 
it  is  the  familiar  inatrmnent  for  measuring,  and  now  that  its  yalue  is 
known  it  is  surprising  that  it  should  be  so  litUe  employed  except  for 
mathematical  instruments ;  for  by  its  use  the  thousandth  part  of  an 
inch  is  as  easily  read  off  as  larger  dimensions.  Some  of  the  most 
recent  machine  tools  are  graduated  only  with  thick  coarse  lines^  by 
which  it  is  impossible  to  set  or  adjust  the  machine  with  any  degree 
of  accuracy  except  by  a  process  of  trial  and  error.  If  these  machines 
had  a  yemier,  the  error  could  be  reduced  a  hundredfold  without  the 
use  of  a  microscope,  merely  by  haying  the  standards  of  the  machine 
graduated  in  inches  subdiyided  into  lOths,  with  a  yemier  of  99-lOUis 
^ an  inch  (or  9*9  inches  length)  placed  on  the  horizontal  slide  which 
has  to  be  adjusted,  the  yemier  being  again  subdiyided  into  100  equal 
parts,  each  of  which  would  consequently  be  1- 1000th  of  an  inch  less 
than  the  1-^lOth  indi  diyisions  of  the  main  scale ;  by  this  means  the 
dimeusions  would  be  read  off  by  eye  to  lOOOths  of  an  inch,  without 
haying  to  obserye  diyisions  finer  than  1-lOth  of  an  inch. 

By   means    of  the   yemier   the    exact  dimensions  of  the  bore 

in  the  outer  tube  of  the  gun  are  obtained.     These  dimensions  are 

rarely   if  eyer  what  they    were  intended  to  be,  although  the  trae 

dimensions  are  aimed  at  in  boring  ;  but  any  one  attempting  to  make 

a  correct  Whitworth  gauge  eyen  on  a  small  scale  will  find  out  how 

difficult  the  task  is.     Eyen  in  some  such  gauges  that  are  made  by 

other  makers  it  is  only  necessary  to  try  the  plug  from  both  sides  of 

the  gauge  to  see  at  once  that  the  pretension  to  accuracy  is  a  mere 

delusion.     As  it  would  be  yery  expensiye  therefore  to  obtain  fixed 

dimensions  in  a  long  tube,  and  since  moreoyer  in  a  structure  to  be 

built  up  they  are  not  necessary,  proyided  the  actual  dimensions  are 

correctly  known  firom  the  yemier,  the  bored  tube  is  taken  as  it  comes 

from  the  boring  machine  with  all  its  imperfections,  often  amounting 

to  &-1000ths  of  an  inch  ;   the  precise  dimensions,  together  with  the 

small  addition  for  the  contraction  to  be  giyen,  are  recorded  on  a  slip 

of  paper;    snd  along  with  this  slip  of  dimensions  a  bundle  of 

corresponding  steel  gauges  carefully  marked  with  ink  are  sent  to  the 
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workman  who  is  to  turn  the  outside  of  the  inner  tube  ready  for 
insertion  into  the  outer  tube.  The  gauges  are  marked  ^th  ink 
because  the  dimensions  are  too  minute  to  be  maintained,  and  the 
gauges  are  never  used  twice  without  being  verified ;  that  is  they 
return  again  to  the  measuring  department  of  the  works,  and  are  again 
written  upon  with  ink  for  the  next  tube  on  which  they  are  to  be 
employed. 

For  turning  the  tube  a  lathe  with  a  round  spindle  is  employed, 
and  one  end  of  the  tube  is  pushed  upon  a  projecting  plug  on  the  end 
of  the  spindle ;  the  plug  is  the  driver,  and  is  made  slightly  oonical 
BO  as  to  adapt  itself  to  any  variation  of  diameter  in  the  bore.  Into 
the  othei*  end  of  the  tube  a  mandril  is  inserted  by  pressure,  leaving 
a  foot  of  projection  which  constitutes  the  bearing  of  the  tube  at  that 
end,  the  shifting  headstock  of  the  lathe  being  used  merely  to  tooch 
the  extremity  of  the  mandril  with  a  flat  centre.  Thus  one  .end  of  the 
tube  receives  the  truth  or  error  of  the  lathe  spindle,  and  the  other  end 
receives  the  truth  or  error  of  the  mandril,  the  middle  being  a 
compromise  between  the  two.  In  cases  where  the  lathe  spindle  is 
imperfect  or  doubtful,  a  mandril  in  a  bearing  is  used  at  both  ends  of 
the  tube,  thus  rendering  truth  independent  of  the  lathe.  The  mandrils 
are  kept  of  sizes  differing  by  one  thousandth  of  an  inch,  and  are 
carefully  made  in  regard  to  their  tnith  and  roundness.  The  taming 
of  the  tube  proceeds  in  the  usual  manner  until  the  gauges  fit  at  the 
several  points,  and  after  a  little  experience  a  good  and  attentive 
turner  has  no  difficulty  in  working  to  one  thousandth  of  an  inch, 
provided  that  care  has  been  employed  in  making -the  gauges  all  of  one 
weight,  because  the  fit  is  entirely  a  matter  of  refined  touch  and  any 
difference  in  weight  misleads  the  hand.  The  many  inaccuracies  in 
the  diameter  of  the  bore  of  the  outer  tube  arise  from  the  wearing  of 
the  cutting  instrument  and  possibly  from  a  difference  in  the  quality 
of  the  metal:  they  may  amount  to  5-lOOOths  or  even  lO-lOOOths 
.  of  an  inch  or  more.  6till  by  careful  gauging  the  precise  dimensions 
are  ascertained,  and  the  fit  becomes  as  good  as  if  the  inordinate  trouble 
of  making  the  bore  perfectly  parallel  had  been  gone  into. 

When  the  turning  of  the  inner  tube  is  completed,  it  is  taken  with 
the  paper  slip  and  the  gauges  to  the  measuring  department,  and  is 
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earcffally  ganged  by  the  vernier ;  and  if  found  correct  it  passes  to  the 
shrinking  department,  where  the  onter  bored  tube,  having  been  heated 
to  a  dull  red  heat  is  shrunk  securely  upon  it.  Every  part  of  the 
outer  tube  is  then  under  the  proper  amount  of  tension,  and  a  misfit 
never  occurs,  since  any  error  in  turning  the  inner  tube  is  detected  in 
the  measuring  department.  If  a  tube  is  found  to  have  been  turned 
down  too  small,  it  is  detained  until  a  corresponding  outer  tube  of 
smaller  bore  comes  forward,  to  which  it  is  then  adjusted. 

In  preparing  the  shorter  cylinders  which  form  the  outer  parts 
of  the  gun,  all  preliminary  turning  is  dispensed  with:  the  rough 
cylinder  is  at  once  held  firmly  by  end  pressure  in  a  vertical  boring 
machine,  and  a  strong  boring  bar  with  a  number  of  cutters  is  set  to 
work,  which  quickly  finds  its  way  through ;  this  is  repeated  a  second 
time  and  a  sufficiently  good  bore  is  produced.  In  this  bore  the  truth 
is  dependent  on  the  circularity  of  the  boring  bar,  which  works  in  a 
bearing  at  one  end,  the  other  end  being  fitted  and  held  in  the  driving 
spindle  of  the  machine.  TJie  bore  is  never  perfect  in  size,  although 
correct  dimensions  are  aimed  at ;  it  may  be  one  hundredth  of  an  inch 
or  more  over  or  under  the  proper  size,  and  is  generally  tapered  in 
consequence  of  the  wearing  of  the  cutters.  But  such  errors  are  not 
sny  disadvantage,  since  all  are  detected  in  the  measuring;  and 
corresponding  gauges  with  a  paper  of  dimensions  are  sent  to  the 
turning  shop.  Thus  a  proper  and  correct  fit  is  secured  without 
the  expense  of  attaining  perfection  in  the  diameter  and  parallelism 
of  the  bore.  In  this  manner  the  whole  structure  is  under  a  previously 
determined  amount  of  tension,  and  each  layer  of  cylinders  is  in  the 
condition  for  performing  its  fall  amount  of  duty  in  the  gun. 

On  close  observation  it  is  found  that  the  grip  of  every  additional 
cylinder  shrunk  on  affects  the  interior  of  the  gun  in  proportion  to  its 
diameter  and  thickness ;  hence  any  careful  workmanship  bestowed 
upon  boring  the  innermost  tube  at  an  early  stage  would  have  been 
thrown  away.  The  formation  of  the  bore  therefore  now  commences, 
and  it  should  be  perfect  in  the  strictest  sense  of  that  word ;  but  such 
aocoracy  is  attained  with  only  variable  success  even  when  the  most 
refined  appUftnoes  are  employed.     It  is  not  so  much  that  any  one  bore 
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cannot  be  made  perfeet,  bttt  the  diffically  is  to  ensaie  thai  the  l)ore 
shall  be  continaonsly  right  in  a  snccession  of  guns,  at  a  small  cost  and 
without  any  special  attention  on  the  part  of  the  workmen.  The 
assertion  that  comparatively  few  holes  of  any  great  length  are  either 
of  the  required  size  or  parallel  or  eyen  round  may  not  meet  with 
general  acceptance;  but  such  is  the  writer* s  opinion  at  the  present 
time,  and  it  is  founded  on  the  difficulty  which  he  has  himself 
experienced  in  securing  any  one  of  these  conditions.  Unless  tme 
roundness  exists  in  the  copy  from  which  the  form  is  derived,  there  ctn 
be  no  roundness  in  the  work ;  and  unless  a  standard  of  the  correct 
size  exists  in  the  instrument,  there  can  be  no  real  attainment  of 
correct  dimensions  with  a  cutting  tool  which  is  constantly  wearing. 
These  are  self-evident  truths ;  and  the  nearer  the  approach  to  that 
point  where  the 'maximum  of  truth  and  parallelism  and  the  minimnm 
of  expense  may  be  said  to  meet  toigether,  the  more  completely  is  an 
important  desideratum  accompGshed  in  the  manufacturing  economies 
of  the  engineering  workshop.  By  extremely  slow  cutting  and  bj 
resorting  to  grinding,  approximations  can  be  made  to  accuracy ;  bat 
such  a  system  is  slow  and  expensive  and  incompatible  with  economical 
manufacture  on  a  large  scale.  Hence  other  means  have  to  he 
employed,  when  accuracy  is  dependent  on  the  tools  and  the  system, 
rather  than  upon  the  workmen  who  use  them. 

In  the  manufacture  of  guns,  more  especially  of  rifled  cannon,  one 
great  object  is  to  have  the  bore  of  definite  dimensions,  perfect^ 
straight  and  parallel.  The  difficulty  of  accomplishing  this  depends 
entirely  on  what  is  considered  straightness  or  parallelism,  and  on  the 
closeness  of  measurement  which  may  be  adopted.  With  reference  to 
dimensions  :  if  the  bore  were  completed  in  its  boring  up  to  the  exact 
size  previous  to  rifling,  it  would,  from  the  rubbing  of  the  rifling 
block  and  the  rusting  and  cleaning  after  proof,  be  considerably  over 
the  size  when  actually  finished.  Hence  it  is  found  necessary  to  bore 
only  up  to  within  2-lOOOths  of  an  inch  of  the  proper  dimensions,  and 
two  plug  gauges  are  employed  for  the  purpose,  one  2-1000th8of  an 
inch  under  the  proper  size  and  the  other  exactly  the  proper  size ;  the 
first  is  12  inches  long  and  must  pass  through  the  bore  like  the  plug  in 
the  Whitworth  gauge,  while  the  other  should  not  enter.     In  working 
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to  near,  there  is  of  conrse  much  liahility  of  exceeding  the  dimensions  y 
hence  the.  entrance  for  the  final  horing  tool  is  made  from  the  muzzle 
(snd  where  an  enlargement  is  of  the  least  consequence.  In  the 
preparation  of  instruments  for  such  precise  horing  it  is  found  in 
practice  that  adjustahle  cutters  are  the  most  economical  and  convenient, 
^th  packings  of  the  finest  paper,  which  may  now  he  ohtained  less 
than  one  thousandth  of  an  inch  in  thickness.  But  in  every  instance 
these  tools  weai^  to  some  extent  hefore  reaching  the  other  end,  even  if 
there  is  nothing  left  for  the  last  cutter  in  the  series  to  cut  away.  The 
fbrther  end  of  the  hore  is  therefore  smaller  than  the  other  to  ait 
extent  which  is  never  less  than  one  thousandth  of  an  inch ;  hut  this 
difference  is  not  considered  sufficient  to  warrant  the  risk  that  would  he 
incnrred  in  proceeding  from  the  other  end  a  second  time  with  a  newly 
adjusted  instrument  still  untried.  In  dealing  with  muzzle-loading 
gnnsy  the  difficulty  is  much  increased  in  comparison  with  hreech-* 
loading,  as  the  latter  afford  great  facility  of  arrangement ;  and  it  is  to 
Iffsedi-loading  guns  that  the  present  paper  chiefly  refers. 

In  order  to  prepare  for  the  last  horing  hut  one,  the  original  hore 
of  the  innermost  tube  becomes  the  basis  to  work  from,  on  the  same 
plan  as  already  described  with  reference  to  the  previous  preparation 
of  this  tube  for  building  up  the  gun.  It  has  lost  its  truth  to  some 
extent  by  the  shrinking  on  of  the  exterior  tubes,  but  that  is  recovered 
by  future  steps.  A  true  bearing*  is  then  turned  upon  the  exterior  (A 
the  gun  at  both  ends,  and  it  is  placed  in  bearings  on  a  long  saddle  in 
a  vertical  machine.  A  boring  bar  with  several  sets  of  cutters  is  used, 
wbidi  works  in  bearings  at  both  ends  of  the  gun,  and  has  upon  it  a 
block  that  follows  the  last  set  of  cutting  instruments.  The  bar 
leyolves  in  fixed  bearings,  the  gim  having  a  slow  motion  upwards. 
There  is  usually  about  2-lOths  of  an  inch  in  the  diameter  to  be  cut 
out  by  this  preliminary  operation,  and  the  aim  is  to  continue  the 
bore  up  to  the  required  size,  namely  2-lOOOths  of  an  inch  below  the 
finished  dimension,  but  this  is  seldom  done ;  care  is  taken  however 
that  the  bore  is  not  above  the  size.  It  might  be  supposed  that  the 
tamed  bar  and  bored  bearings  would  give  a  round  hole,  but  this  is 
not  the  case  unless  they  are  perfectly  round  themselves ;  hence  these 
podiong  of  the  nOushine  are  looked  upon  as  a  ibundatiQn  of  truth) 
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and  are  prepared  as  carefully  as  if  intended  for  gauges.  Theboniig 
bars,  althoogh  made  of  steel  like  the  gauges,  are  constantly  ireansg 
and  require  yigilant  attention  to  keep  ihem  up  to  truth.  The  hok 
from  this  boring  is  generally  nearly  straight,  but  never  panDel; 
hence  it  is  difficult  to  examine  it  with  gauges,  although  no  ofliflr 
mode  of  measurement  is  of  any  yalue  in  giving  precise  infonnatioa  on 
so  delicate  a  point. 

The  next  and  last  boring  is  done  with  the  intention  of  nuJdog 
the  hole  parallel,  but  with  no  effort  at  straightness  except  wliat  is 
derived  from  the  bore  itself  as  already  made.  The  tool  employed  is  i 
long  broaching  bar,  shown  in  Fig.  7,  Plate  39,  with  six  cutters  AA 
arranged  in  two  sets  of  three  each,  as  shown  enlarged  in  Figs.  9 
and  10.  The  first  three  cutters  have  all  the  work  to  do,  the  second 
set  on  entering  being  adjusted  to  the  same  diameter  and  intended  only 
to  scrape  any  of  the  surface  that  may  be  left  from  the  first,  whkji  is 
not  much,  as  there  is  seldom  more  than  one  thousandth  of  an  iscb 
Altogether  to  be  cut  away.  Both  sets  of  cutters  cut  on  the  side  rather 
than  the  front.  The  value  of  three  cutters  for  steady  cutting  is  well 
known ;  but  it  is  also  found  that  such  an  instrument  is  voy  i^t 
to  make  a  bad  polygonal  bore  unless  it  copies  a  true  drcular  fcnnii 
from  something  else.  This  true  circular  form,  in  addition  to 
straightness  of  bore,  is  taken  from  the  bore  itself  as  already  made. 
The  transfer  is  effected  by  means  of  the  bearing  surfaces  BB  on  the 
broaching  block.  Fig.  9,  which  are  long  spiral  surfaces  made  of 
gun-metal  and  filling  the  bore.  In  the  earlier  instruments  it  wts 
found  that  straight  bearing  surfaces  on  the  broaching  block  were  liable 
to  allow  the  roundness  of  the  bore  to  wander  into  a  polygonal  ah^ ; 
but  by  twisting  the  bearing  surfaces  into  a  spiral  form  round  the 
block,  as  shown  iftt  B  B  in  Fig.  9,  this  liability  has  been  prevented. 
An  ordinary  horizontal  lathe  is  the  most  convenient  for  this  operation, 
but  it  is  found  difficult  to  keep  the  bore  sufficiently  clear  from  the 
cuttings;  hence  the  lathes  are  placed  at  a  considerable  inclination, 
to  allow  a  stream  of  soapy  water  to  flow  throiigh. 

The  bore  is  now  within  one  thousandth  of  an  inch  of  being 
parallel,  but  is  never  positively  correct,  though  considered  suflkie&tly 
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A>  IB  die  present  stage  of  the  mantifacttire^  All  tlie  tool  adjustmentflf 
6a  these  precise  dimensions  are  performed  with  great  strictness  by  a 
qiecial  department ;  still  with  all  the  care  that  can  be  employed  it  is 
foimd  extremely  difficult  to  obtain  at  once  the  required  conditions  of 
correct  size  and  ronndness,  with  a  straight  and  parallel  bore.  The  gnu 
thus  bored,  when  examined  and  passed  by  the  measuring  department, 
is  ready  for  the  operation  of  rijQing.  Without  this  special  department 
for  measuring,  the  quality  of  the  gun  would  speedily  degenerate  and 
tell  unfavourably  on  the  smooth  cutting  of  the  grooves  in  the  rifling, 
nnoe  the  rifling  block  is  entirely  dependent  on  the  bore  for  ita 
parallelism  and  steadiness. 

The  foregoing  mode  of  boring  applies  to  guns  that  are  open  at 
the  breech ;  but  in  the  case  of  muzzle-loading  guns  that  are  closed 
at  the  breech  the  approximation  to  a  perfect  bore  is  obtained 
by  boring  entirely  from  the  muzzle  and  employing  extreme 
care  in  opening  with  a  sHde  rest ;  and  then  by  having  nicely  fitted 
bearings  behind  the  cutters  so  as  to  transfer  the  truth  of  the  muzzle 
onwards,  which  is  accomplished  to  a  certain  extent  successfully,  but 
not  so  perfectly  as  by  the  former  arrangements.  Much  more  skill 
in  the  workman  is  required  to  produce  a  perfect  bore ;  indeed  it  is 
rare  to  find  a  bore  which  may  be  pronounced  nearly  perfect  in  the 
strict  sense  of  the  word ;  and  any  want  of  that  high  condition  tells 
severely  on  the  future  operation  of  rifling,  when  the  fitting  of  the 
rifling  block  in  the  bore  is  dependent  on  the  parallelism  of  the  bore 
for  its  steadiness  and  smoothness  of  cutting. 

Hie  manner  of  cutting  the  interior  grooves  for  rifling  the  gun  is 
independent  of  the  different  descriptions  of  rifling ;  and  in  any  plan 
of  rifling,  with  proper  arrangements  for  transfer  from  copies,  the  most 
recondite  descriptions  of  grooves  can  be  formed  inside  the  gun  as 
easily  as  straight  lines  on  the  exterior. 

In  18id,  some  guns  being  suddenly  required  to  be  rifled,  an 
ordinary  planing  machine  was  extemporised  for  the  purpose,  and  the 
required  spiral  was  cut  on  the  rifling  bar,  as  shown  in  Figs.  8  and  13, 
Plate  89,  which  was  left  free  to  revolve  in  a  bearing.  The  nut  for 
ibe  rifling  bar  to  work  through  was  attached  to  the  muzzle  of  the 


gun;  Mid  the  imwhim^  being  set  in  nuHaoHy  its  nmptontiag  lote 
cffeeted  ilie  cutting  ci  the  spinl  rifle  gfoore,  and  an  odiinzf 
diTiding  plate  gave  the  leqoisite  number  of  grocvfea.  Sadli  a 
combhuiiion  poaaesaed  all  the  elemettta  for  rifling  gima  witii  asia^le 
$fml  that  was  parallel  at  the  aides  and  on  the  bottom;  bat  in 
practice  gnns  hare  to  be  rifled  with  a  continnaUy  yarjing  twist,  vith 
a  yaiTing  width  of  grooTC,  with  sadden  turns,  with  the  sh^  of 
one  nde  of  the  groove  continnftlly  altering  in  form,  and  with  nuny 
other  pecnliarities;  and  hence  such  simple  arrangements  will  not 
anffice  for  their  production,  and  other  comlnnations  hsTO  to  be 
resorted  to. 

Daring  the  last  few  years  an  extraordinary  amoant  of  attention 
has  been  directed  to  the  sabject  of  rifled  gans ;  and  as  most  of  the 
inrentions  have  been  carried  oat  in  the  Royal  Oan  Factory,  it  hu 
been  necessary  to  proiide  for  execating  any  description  of  grooving 
withoat  haying  recoarse  to  an  elaborate  copy  for  eadi  in  the  imniedist& 
instrament,  which  is  expensive  and  asaally  invdves  the  loss  of 
considerable  time  in  getting  the  gon  ready  for  triid.  At  the  same 
time  it  may  be  stated  that  the  simple  sqaare  bar  cut  in  a  spiral  or 
twisted  form,  as  shown  in  Figs.  8  and  13,  Plate  39,  when  it  can  be 
employed,  is  the  most  perfect  rifling  instrament,  becaase  there  can 
be  no  error  in  asing  it,  which  is  not  the  case  when  the  twbt  of  th« 
grooYcs  is  dependent  on  the  adjnstment  of  a  madune  that  is  leady 
io  perform  any  description  of  grooving.  In  the  constractum  of 
permanent  rifling  bars  it.  is  now  foand  that  a  round  bar  with  a  spiral 
groove  cat  in  it  answers  the  purpose  almost  as  well  as  the  square  bar 
eut  into  a  spiral  ot  twisted  form,  as '  shown  in  Figs.  8  and  13,  the 
spiral  groove  in  the  round  bar  and  also  the  spiral  twist  in  the  square 
bar  being  both  cut  in  an  ordinary  screw-cutting  lathe.  Such  ban 
however  canaot  readily  be  implied  where  the  ajpir/d  is  of  increasing 
pitch,  where  there  are  sudden  curves,  where  the  grooves  shunt,  or 
indeed  for  any  groove  which  is  not  a  true  portion  of  a  screw. 

In  a  rifling  machine  intended  for  irregular  grooving  it  is  neoeasaiy 
that  there  should  be  facilities  for  cutting  any  form  of  twisted  groove^ 
first  as  regards  the  sides  of  the  ^iral,  and  secondly  as  regards  the 


9IFLBD  GUH  JiAH^FilLOTITIUI.  187 

bdttom  of  Hie  gioote ;  aend  tbe  two  reqidremeiits  mnst  be  so  oOitibiiiedt 
that  all  the  cattang  may  be  done  at  the  same  time. 

Such  a  machine  is  shown  in  Plates  36,  87,  and  88,  whicb. 
represent  the  rifling  machine  employed  in  the  Woolwich  Onn  Factory. 
Fig.  1,  Plate  36^  is  a  general  side  elevation  of  the  maohinei  and 
Fig.  2  a  general  plan.  Figs.  3  and  4,  Plate  87,  are  transverse 
lections  to  a  larger  scale,  and  Fig.  5  an  enlarged  side  elevation  o£ 
the  traversing  saddle  which  carries  the  rifling  bar.  Fig.  6,  Plate  SSf 
18  a  combined  diagram  illustrating  the  principal  motions,  the  tangent 
bar  I  which  gives  the  twisting  motion  to  the  rifling  bar  being  here 
r^resented  in  the  vertical  plane,  in  order  that  it  may  be  seen  ii^ 
combination  with  the  copy  bar  O  which  gives  the  feed  motion  to 
tbe  cutter  in  the  rifling  head :  the  lengths  are  also  shortened  in  somei 
of  the  dimensions  for  convenience  of  illustration,  but  the  side  elevation 
and  plan.  Figs.  1  and  2,  show  the  correct  dimensions  and  relative 
positions  of  the  various  portions  of  the  machine. 

The  rifling  bar  0,  Figs.  1  and  6,  is  round  and  parallel,  one  end 
being  held  firmly  in  a  bearing  D  on  the  traversing  saddle  £,  with  a 
nnmber  of  collars  to  take  the  pull  of  the  cutter ;  while  the  other  end 
is  free  to  turn  and  slide  in  a  stationary  bearing  F  near  the  muzzle  of 
the  gun  O.  The  longitudinal  motion  of  the  rifling  bar  may  be  given 
by  any  of  the  planing  machine  motions;  that  by  the  screw  H,  Fig.  2, 
is  preferred  on  account  of  the  emooth  action  which  it  affords.  The 
twisting  motion  of  the  rifling  bar  is  derived  from  the  tangent  bar  I  hj, 
means  of  the  rack  J  sliding  transversely  on  the  traversing  saddle  E 
and  gearing  into  a  pinion  <m  the  end  of  the  rifling  bar  C,  Figs.  4 
and  5.  The  tangent  bar  I  can  be  set  at  any  angle  by  means  of  the^ 
adjusting  screw  and  graduated  arc,  or  can  be  made  of  any  shape 
within  the  limits  that  the  machine  is  capable  of  following  the  quirks 
of  the  rifling.  Hence  to  produce  any  description  of  twisting  in  the 
grooves  of  the  gun  it  is  only  necessary  to  employ  a  tangent  bar  of 
fioitable  pattern  for  the  purpose,  which  will  be  faithfully  copied  on  the 
interior  of  the  bore  by  means  of  the  rack  J  tracing  the  pattern. 
In  gOBB  where  there  are  several  twists  or  alterations  of  form  in  a 
single  groove  it  is  sometimes  necessary  to  have  several  differently 
shaped  tangent  bars  piled  one  on  the  top  of  the  other,  eaph  of  which 
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u  used  in  tdrn  by  adjusting  the  tricing  hm^  J  t6  thebtrtobecopifid; 
and  in  this  "wbj  any  form  however  recondite  can  he  aooomplislMd  n 
easily  as  a  regnhur  spiral. 

In  the  greater  nnmber  of  rifled  guns  the  depth  of  the  groonroi  is 
nniform,  hnt  in  others  it  is  a  yarying  surface  at  different  podtioDB 
of  the  bore ;  hence  it  is  necessary  to  have  the  catting  instrament 
arranged  so  as  to  yaiy  in  depth  as  it  proceeds  along  the  gnu.  It  is 
also  of  importance  that  the  cutter  should  not  rub  on  the  gon  as  it 
returns,  since  the  rubbing  affects  the  maintenance  of  a  fine  catting 
edge  on  the  tool,  and  smoothness  of  cutting  is  an  essential  oondition. 
It  is  therefore  necessary  that  the  cutting  tool  shall  be  in  a  slide  rest 
or  holder  in  the  head  of  the  rifling  bar,  and  capable  of  being  dnwn 
out  or  in  transversely  as  required.  For  this  purpose  the  rifling  bar  0 
IS  made  hollow,  and  the  tool  holder  in  the  rifling  head  E,  Fig.  6, 
is  actuated  by  an  inclined  slot  L  in.  the  internal  feed  rod  M,  as  shown 
in  the  enlarged  sections  of  the  rifling  head,  Figs.  14  and  15,  Plate  39. 
By  working  the  feed  rod  M  longitudinally  out  or  in,  a  radial 
motion  is  giyen  to  the  cutting  tool  in  either  direction.  The  feed 
rod  M  projects  from  the  other  end  of  the  hollow  rifling  bar  C,  and  its 
longitudinal  movement  is  governed  by  the  roller  N  which  traces  the 
copy  bar  O,  Fig.  6 ;  the  form  of  the  copy  bar  O  is  thus  transferred 
by  the  lever  to  the  feed  rod  M,  and  hence  any  indentations  on  the 
bar  O  are  given  to  the  bottom  of  the  groove  in  the  gun.  To  prerent 
*the  cutting  edge  of  the  tool  from  rubbing  in  its  return,  an  upper 
rail  P  is  provided,  having  a  trap  R  and  S  to  open  and  close  at  each 
end  in  order  to  allow  the  tracing  roller  N  to  pass.  The  drawings 
represent  the  machine  in  the  forward  traverse,  in  the  act  of  cutting 
a  groove  in  the  gun,  the  arrows  showing  the  direction  of  the  motion. 
During  this  time  the  roller  N  is  tracing  the  copy  bar  O ;  but  on 
arriving  at  the  end  of  the  bar  the  roller  lifts  open  the  trap  B,  as 
shown  dotted  in  Fig.  6 ;  and  when  it  has  passed  the  trap,  the  latter 
immediately  falls  and  forms  an  incline  for  the  roller  to  run  up  in 
its  return  course  backwards  and  ride  upon  the  upper  rail  P,  thos 
pushing  the  feed  rod  M  inwards  in  the  rifling  bar  0  and  therehf 
withdrawing  the  cutting  tool,  which  remains  withdrawn  during  the 
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whole  of  the  lehim  trBverse  of  the  maohine.  When  the  roller  N 
leaches  the  other  end,  it  finds  the  trap  S  open  by  means  of  the 
balance  weight ;  bat  the  roller  folds  the  trap  downwards,  as  shown 
dotted  in  Fig.  6,  thus  forming  a  bridge  to  enable  it  to  pass  over. 
The  trap  is  then  opened  again  by  the  balance  weight,  and  on  starting 
again  in  the  forward  motion  the  roller  drops  down  the  incline  T  at 
the  commencement  of  the  copy  bar  O,  thus  drawing  ont  the  feed 
rod  M  and  thereby  advancing  the  cutter  into  its  working  position.  The 
incline  T  gives  the  form  to  the  entrance  of  the  groove  in  the  gnn,  and 
is  generally  of  very  definite  shape.  It  will  thus  be  seen  that-  any 
description  of  feed  motion  can  be  given  to  the  cutting  tool ;  and  hence 
by  means  of  the  tangent  bar  I  and  the  copy  bar  O  any  kind  of  rifling 
can  be  accomplished  without  difficulty.  To  illustrate  the  capability 
of  the  machineiy,  a  specimen  rifled  tube  has  been  made  (shown 
in  the  International  Exhibition)  with  grooves  cut  in  four  different 
ways,  one  of  which  is  spiral  an4  wavy,  undulating  on  the  bottom, 
and  having  the  width  of  the  groove  formed  with  a  progressive 
irregolaiity. 

For  the  purpose  of  advancing  the  cutter  after  each  traverse  so  as 
to  obtain  the  additional  depth  required  in  the  next  cut,  the  outer  end 
of  the  feed  rod  M  has  a  screw  and  hand  wheel  U  upon  it.  Fig.  6, 
Plate  38,  by  which  the  cutter  is  set  up  to  cut  deeper  in  each  successive 
traverse,  until  the  groove  is  finished  to  the  required  depth.  The 
hand  wheel  also  affords  the  means  of  taking  up  the  wear  of  the 
cutter,  so  that  all  the  grooves  are  finished  to  exactly  the  same  depths 
When  one  groove  is  completed,  the  gun  is  turned  forwards  through 
the  required  arc  by  means  of  the  ratchet  wheel  Y  upon  the  muzzle, 
Fig.  3,  Plate  37,  which  serves  as  a  dividing  plate,  being  made  with 
the  same  number  of  teeth  as  there  are  to  be  grooves  in  the  bore 
of  the  gun. 

Experiments  have  recently  been  made  with  another  kind  of  cutting 
instrument,  by  which  the  whole  of  the  grooves  are  made  at  one  time 
by  means  of  a  circular  rifling  head  carrying  as  many  cutters  as  there 
are  grooves  to  be  made.  A  series  of  these  rifling  heads  are  used  in 
SQooession,  following  one  behind  another  on  the  same  bar,  each  one 
catting  the  groove  a  little  deeper  than  the  preceding  one^  and  bj 
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palling  ihrongh  ten  or  twelve  of  them  the  grooving  is  effected.  Tlui 
kind  of  instmment  is  applicable  only  to  breech-loaders,  bnt  so  fir  « 
economy  is  concerned  it  is  the  most  expeditions  of  all  methods.  In 
some  of  the  rifling  tools  made  on  the  former  plan  of  withdrawing  fhe 
catters  in  returning,  eight  cutters  have  been  nsed  ;  but  it  is  doubtfal 
whether  they  are  more  economical  than  a  smaller  number,  as  time  is 
lost  in  obtaining  perfect  adjustment  with  so  many  cutters  working  to 
one  thousandth  of  an  inch.  Where  no  variation  is  Te(iuired  in  the 
depth  of  the  grooves,  a  rifling  head  with  fixed  cutters  can  be  used,  u 
shown  in  Figs.  11  and  12,  Plate  89.  The  cutters  are  here  fixed  in  a 
block  rocking  upon  a  centre  pin  in  the  rifling  head,  to  allow  them  to 
dear  in  the  return  traverse,  as  in  a  planing  machine  :  they  are  set  np 
after  each  traverse  by  an  adjusting  screw  in  the  rifling  head,  advancing 
the  block  in  which  the  cutters  are  fixed.  This  rifling  head  is  for 
cutting  the  grooves  in  muzzle-loading  guns,  the  cutters  being 
set  to  cut  inwards  from  the  muzzle  towards  the  breech  as  the 
rifling  head  is  pushed  down  tihe  gun,  instead  of  in  the  oontnry 
direction  as  in  the  rifling  head  previously  described  and  shown  in 
li^gs.  14  and  15. 

The  copying  principle  is  also  used  in  drilling  the  various  holes  for 
the  sights  and  other  parts  upon  the  outside  of  the  guns.  In  a  gnn 
which  is  intended  to  hit  a  target  at  2000  or  8000  yards  distance,  the 
value  of  the  thickness  of  a  line  in  half  the  length  of  the  gun  ii 
important;  and  as  all  the  Armstrong  guns  are  made  so  that  the 
several  parts  interchange,  absolute  precision  in  the  positions  of  the 
several  holes  is  essential.  Most  of  the  holes  have  to  be  drilled  on  the 
side  of  the  gun,  where  the  difficulty  of  entering  correctly  is  greailj 
increased  on  account  of  the  surface  being  oblique  to  the  direction  of 
the  holes ;  so  that  the  drill  requires  to  be  guided  very  steadily,  and 
the  ordinary  plan  of  dividing  off  the  holes  and  the  use  of  a  centre 
punch  are  altogether  inadmissible.  A  cast  iron  saddle  is  therefore 
made  to  fit  upon  the  gnn  and  also  upon  the  trunnions,  being  east  in 
halves,  so  that  the  whole  of  that  part  of  the  gun  in  which  the  holei 
liave  to  be  made  is  enveloped  in  it.  Hie  saddle  is  correctly  made  with 
eopy  holes  Hnad  with  jBteel,  the  several  holes  hemg  4>f,  tha  raqoiied 
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dimensions  of  the  holes  to  be  made  in  the  gan.  Cjlindrical  drills  are 
employed,  which  fitting  the  holes  in  the  copy  gire  the  utmost  accuracy 
to  the  sight  holes  without  any  effort. 


Mr.  Anderson  exhibited  a  model  of  the  vernier  measuring 
inBtmment,  enlarged  24  times,  for  the  purpose  of  showing  the  mode 
of  using  the  vernier.  He  explained  that  in  the  scale  of  the  instrument 
itself  each  inch  was  subdivided  into  twentieths,  as  the  subdivisions 
carried  to  that  extent  were  found  to  be  of  a  size  convenient  in  practice 
for  reading  quickly  by  the  naked  eye.  The  sliding  vernier  scale  was 
constructed  by  marking  on  it  the  length  of  49  of  these  twentieths  of  an 
inch,  and  this  length  was  then  subdivided  into  50  equal  parts,  so  that 
each  subdivision  on  the  vernier  was  shorter  than  a  subdivision  on  the 
main  scale  by  exactly  l-50th  of  l-20th  of  an  inch,  that  is  1- 1000th 
of  an  inch,  whereby  the  vernier .  gave  the  means  of  measuring  to 
l*1000thof  aninch,  although  the  divisions  to  be  examined  by  the  eye 
were  as  coarse  as  l-20tl]L  of  an  inch.  The  vernier  was  read  by  observing 
which  of  the  subdivision  lines  on  the  vernier  coincided  most  accurately 
with  one  of  the  subdivisions  on  the  main  scale  ;  and  the  vernier 
reading  was  then  added  to  the  reading  of  the  main  scale  previously 
read  off  by  eye.  Thus  supposing  the  fractional  reading  on  the  main 
scale  were  3-lOths  of  an  inch  and  odd,  the  3-lOths  of  an  inch  or 
•3  inch  would  easily  be  read  off  at  once  by  the  naked  eye,  by  seeing 
that  the  zero  of  the  vernier  scale  fell  somewhere  between  the 
'3  subdivision  and  the  next  further  stibdivision  on  the  main  scale. 
The  additional  decimal  figures  to  give  the  exact  dimension  would  then 
be  read  also  by  eye  from  the  vernier  in  the  manner  described :  and 
supposing  the  42nd  subdivision  on  the  vernier  were  found  to  be  the 
first  that  agreed  accurately  with  a  subdivision  of  the  main  scale,  the 
additional  reading  would  be  42-lOOOths  of  an  inch  or  042  inch,  to  be 
added  to  the  previous  reading  of  3~10th8  of  an  inch  or  '3  inch  on  the 
main  scale,  thus  making  the  correct  fractional  reading  -342  inch, 
which  would  be  the  actual  dimension  correct  to  1-1 000th  of  an  inch. 
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The  measnring  mstmment  used  for  making  the  TuriooB  gauges 
emplojed  in  the  workshops  had  a  magnifying  glass  mounted  on  the 
sliding  yemier  frame;  and  the  vernier  itself,  together  with  the 
magnifying  glass  and  the  back  centre  or  measuring  point,  was  further 
carried  on  a  second  supplementary  slide,  moved  by  a  fine  micrometer 
screw.  In  setting  the  instrument  to  any  required  dimension  for  trying 
a  gauge,  the  main  slide  was  first  set  roughly  by  eye  to  the  proper 
graduation  on  the  main  scale,  and  clamped  in  that  position  bj  a 
set  screw ;  and  the  supplementary  vernier  slide  was  then  accoratelj 
adjusted  to  the  exact  dimension  by  means  of  the  micrometer  screw, 
the  vernier  scale  being  read  by  the  magnifying  glass. 

Mr.  E.  A.  CowpBR  enquired  whether  there  was  any  arrangemeDt 
to  allow  for  the  wear  of  the  long  brass  strips  which  formed  the  bearing 
surface  of  the  broaching  block  used  for  the  final  boring  of  the  guns. 

Mr.  Anderson  replied  that  there  was  no  means  of  providing  for  the 
wear,  and  the  brass  bearing  strips  all  became  worn,  and  required  fresh 
adjustment  every  time  the  broaching  block  was  used.  With  straight 
bearing  strips  it  was  found  impossible  to  get  a  round  hole,  the  bore 
being  always  more  or  less  polygonal,  whatever  amount  of  care  was 
used  or  however  slowly  the  boring  was  done ;  but  by  twisting  the 
bearing  surfaces  into  a  spiral  form  round  the  broaching  block  the 
difficulty  was  much  diminished. 

Mr.  E.  A.  CowPER  observed  that  he  made  a  boring  machine  some 
years  ago  for  the  manufacture  of  the  Lancaster  guns,  and  the  plan  of 
boring  designed  by  Mr.  Lancaster  entailed  some  difficulty  in  making 
the  boring  bar  fit  well.  The  gun  was  first  bored  cylindrical ;  then  it 
had  to  be  bored  oval,  with  the  oval  twisted.  A  hollow  boring  bar  was 
used,  revolving  concentrically  in  the  gun,  and  carrying  eccentricaUy 
within  it  a  solid  bar,  which  carried  the  cutter  and  revoWed 
in  the  opposite  direction  to  the  hollow  bar,  forming  an  epicycloid 
movement.  The  tool  projected,  then  retired,  then  projected  again, 
and  then  retired,  the  double  epicycloid  forming  an  oval  in  one  complete 
revolution.  In  this  arrangement  the  boring  bar  had  consequently  a 
considerable  amount  of  rubbing  iu  the  gun  :  and  the  only  plan  of 
getting  a  guide  was  to  make  the  end  of  the  boring  bar  fit  the 
cylindrical  bore  of  the  gun,  and  then  to  thrust  it  down  to  the  breech  of 
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the  gnn  at  the  commencement,  and  bore  outwards  towards  the  muzzle, 
80  as  to  preserve  the  cylindrical  bore  as  the  guide  to  the  last.  The  whole 
operation  of  making  the  oval  bore  had  thus  to  be  performed  with  one 
guiding  surface ;  and  it  was  therefore  a  point  of  great  importance  to 
get  this  guiding  surface  to  fit  well  without  any  variation  from  wear 
throughout  the  entire  length  of  the  bore.  He  had  accordingly  turned 
a  broad  groove  with  parallel  sides  round  the  head  of  the  boring  bar, 
immediately  in  front  of  the  cutter,  and  the  bottom  of  the  groove  was  made 
slightly  inclined  or  conical.  A  corresponding  brass  ring  cut  into 
three  segments  was  fitted  into  the  groove,  not  quite  filling  the  width 
of  the  groove ;  the  outer  surface  of  the  ring  formed  the  guiding  surface, 
while  the  inner  surface  was  bored  slightly  conical  to  the  same 
inclination  as  the  bottom  of  the  groove.  To  each  segment  of  the  ring 
was  attached  a  longitudinal  wrought  iron  rod  lying  in  a  groove  on  the 
outside  of  the  boring  bar  ;  then  by  drawing  the  three  rods  forwards 
by  screws,  the  segments  of  the  ring  were  drawn  up  the  incline  forming 
the  bottom  of  the  groove  and  were  by  that  means  expanded  outwards 
in  the  gun,  thus  slightly  increasing  the  diameter  of  the  guiding  surface 
and  making  up  for  any  amount  of  wear  of  its  rubbing  surface.  In  this 
case  there  was  a  great  deal  more  wear  of  the  guiding  ring  than  in 
boring  ordinary  guns,  because  the  boring  bar  had  a  continuous  rotary 
motion  for  a  length  of  time,  the  whole  of  the  boring  having  to  be  done 
throughout  from  end  to  end  of  the  gun  at  one  operation  and  by 
one  cutter. 

The  Chairman  enquired  what  method  was  employed  for  making 
the  lathe  spindles  perfectly  true  and  round,  as  had  been  referred  to  in 
the  paper. 

Mr.  Anderson  replied  that  the  required  truth  and  roundness  were 
obtained  only  by  the  usual  method  of  grinding  the  lathe  spindles  with 
an  independent  grinder  running  at  a  high  velocity,  the  lathe  spindle 
revolving  slowly  in  the  opposite  direction  on  fine  centres.  It  was  a 
▼ery  tedious  business  to  get  the  spindles  true ;  but  when  they  were 
once  made  true,  all  the  work  done  in  the  lathe  was  true  also. 

Mr.  J.  Fletcher  had  had  an  opportunity  of  seeing  over  the 
Woolwich  Gun  Factory,  and  had  been  much  struck  with  the  great 
accuracy  arrived  at  in  the  work  performed  there.     Perfect  truth  was 
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almost  impossible  to  be  attained ,  and  he  had  himself  experienced  the 
difficulties  described  in  the  paper  from  the  wear  of  tools  during  the 
execution  of  a  piece  of  work,  particularly  when  the  work  was  of 
considerable  length,  as  in  cutting  a  groove  or  a  screw  thread  fc^  a 
length  of  30  feet ;  there  was  then  a  perceptible  difference  in  the  depUi 
of  the  cut  at  the  two  ends,  nor  was  perfect  uniformity  obtained  hj 
setting  up  the  tool  through  the  amount  of  wear  and  starting  again 
from  the  opposite  end  to  work  backwards.  The  accuracy  of  the  work 
was  moreover  affected  to  an  appreciable  extent  by  differences  of 
temperature  producing  expansion  and  contraction :  and  he  had  noticed 
this  effect  in  cutting  a  long  screw,  which  altered  in  length  in 
consequence  of  being  heated  by  the  cutting  tool ;  and  unless  it  were 
allowed  to  cool  before  finishing,  it  would  when  cold  be  perceptibly 
different  in  pitch  from  the  regulator.  He  had  also  observed  the  same 
effect  in  a  set  of  three  surface  plates  8  feet  long,  which  would  probably 
coincide  perfectly  in  the  morning,  but  in  the  middle  of  the  day  the 
thickness  of  a  thin  piece  of  paper  might  be  got  between  them, 
and  at  other  times  in  the  day  they  would  vary  still  more.  It  was  not 
possible  to  ensure  having  them  always  in  the  same  position,  and  at 
exactly  the  same  temperature,  or  of  exactly  the  same  quality  of  metal ; 
and  hence  the  difficulty  of  carrying  accuracy  in  engineering  work 
beyond  certain  practical  limits.  He  enquired  whether  in  boring  the 
guns  to  so  groat  a  nicety  as  had  been  described  the  outside  of  the 
complete  gun  was  turned  before  the  boring  was  done :  because  if  any 
piece  of  metal  were  bored  out  first,  and  then  had  the  outside  skin 
turned  off,  a  perceptible  change  would  be  produced  in  the  dimensions 
of  the  bore  previously  made,  and  it  would  be  impossible  to  attain 
accuracy  in  that  way. 

Mr.  Anderson  replied  that  the  gun  was  turned  outside  with  a  near 
approach  to  the  final  accuracy,  before  the  boring  was  done. 

Mr.  G.  H.  BoviLL  asked  what  effect  the  firing  of  the  gon 
had  upon  the  accuracy  of  the  bore,  and  whether  the  bore  was 
accurately  gauged  before  and  after  the  firing,  in  order  to  ascertain 
what  variation  took  place  in  the  dimension  after  several  charges 
had  been  fired,  in  consequence  of  the  friction  of  the  shot  and  the 
expansion  of  the  metal  from  the  heat  and  strain. 
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The  Chairman  said  there  must  be  a  certain  amount  of  stretch  in 
the  gan  under  the  severe  strain  ;  but  it  was  very  minute,  and  -he 
believed  not  sufficient  to  affect  the  practice  with  the  gun.  The 
finishing  process  of  the  boring  was  deferred  till  after  the  proving, 
and  the  bore  was  then  made  as  true  as  possible  in  roundness  and 
straightness. 

Mr.  E.  A.  GowPBB  observed  that  the  same  plan  was  carried  out 
with  good  fowling-pieces  y  which  were  always  proved  before  they  were 
finished  in  the  bore. 

Mr.  W.  Richardson  had  been  surprised  to  see  the  perfection  and 
accuracy  of  workmanship  attained  in  the  Woolwich  Gun  Factory,  and 
believed  he  had  never  seen  the  same  degree  of  accuracy  in  any  other 
works.  It  would  be  a  great  advantage  if  the  engineering  workshops 
throughout  the  country  would  endeavour  to  approach  to  the  same 
amoont  of  perfection,  by  employing  a  better  class  of  machinery 
and  tools,  which  would  produce  an  important  advance  in  meduoiical 
engineering. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Anderson  for  his 
paper,  which  was  passed  ;  and  observed  that  the  members  would  have 
an  opportunity  of  visiting  the  works  at  Woolwich  and  seeing  the 
whole  of  the  processes  described  in  the  paper  in  the  manufacture  and 
rifling  of  the  guns  ;  and  also  of  visiting  the  Bmall  Arms  Factory  at 
Enfield,  where  the  same  principles  had  been  carried  out  by  Mr. 
Anderson,  and  the  same  accuracy  of  workmanship  attained. 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  visited  the  new  Main  Drainage  Works  and 
Sewage  Pnmping  Engines  in  process  of  execution  at  Greenwich. 
Borne  of  the  principal  engineering  establishments  in  London  were  also 
opened  to  the  inspection  of  the  Members. 


The  Adjourned  MEBTnra  of  the  Members  was  held  in  the  Lectnie 
Theatre  of  the  Royal  Institutioiiy  Albemarle  Street,  London,  on 
Wednesday,  2nd  July,  1862  ;  Thomas  Hawksley,  Esq.,  in  the 
Chair. 

The  following  paper  was  read : — 
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ON  THE  RELATIONS   OP  POWER  AND    EFFECT 

IN  CORNISH  PUMPING  ENGINES 

OVER  LONG  PERIODS  OF   WORKING. 


Bt  Kb.  OHABLES  GREAVES,  of  Bow. 


In  investigatiiig  the  working  of  steam  engines  with  a  view  to 
detennine  with  exactness  the  quantities  of  fael  and  water  contximed  in 
producing  a  measurable  amount  of  mechanical  effect,  the  author  has 
been  led  to  maintain  registers  of  work  comparable  with  the  expenditure 
of  materials  used,  which  he  thinks  may  be  of  service  to  engineers ; 
partly  becatise  they  have  been  carried  on  through  long  periods  of 
working  and  therefore  become  data  of  commercial  experience,  and 
partly  because  the  facilities  for  securing  accuracy  lay  in  his  own  hands, 
as  well  as  means  for  carrying  out  some  of  the  measurements  on 
principles  not  generally  adopted. 

The  engines  which  are  principally  the  subject  of  this  investigation 
are  of  the  description  commonly  known  as  ''  Cornish  ":  that  is  to  say 
single-acting  high-pressure  expansive  condensing  engines,  working 
single-acting  pumps  through  the  medium  of  a  beam,  as  shown  in  Figs. 
1  and  2,  Plates  40  and  41,  which  are  longitudinal  and  transverse 
sections  of  one  of  the  Cornish  pumping  engines  at  the  East  London 
Water  Works,  the  steam  cylinder  A  being  100  inches  diameter  in 
this  engine.  The  pumps  B  are  all  plunger  pumps,  and  the  plungers 
are  loaded  with  iron  weights  sufScient  to  counterpoise  the  pressure  of 
a  hydrostatic  column  which  is  the  measure  of  the  pressure  created  in 
the  central  station  to  put  m  action  the  supply  of  water  to  the  eastern 
part  of  London.  The  loaded  plunger  is  lifted  by  the  action  of  the 
steam  in  the  cylinder  A,  and  is  allowed  to  descend  by  gravity  at  a 
speed  depending  on  the  quantity  of  engine  power  in  action  and  the 
rate  at  which  the  water  is  being  drawn  away.  The  chamber  of  the 
pmnp  becomes  filled  when  the  plunger  is  raised,  and  the  act  of  inhaling 
the  full  charge  through  the  suction  valve  C^s  a  portion  of  the  work 
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which  the  steam  has  to  perfoim,  and  a  portion  also  much  subject  to 
variation. 

The  working  of  the  Cornish  engines  at  the  East  London  Water 
Works  is  as  follows.  The  steam  is  raised  in  cylindrical  single-fined 
boilers  with  internal  fires  to  a  pressure  of  30  to  35  lbs.  per  square  inch 
above  the  atmosphere :  the  boilers  are  of  ample  dimensions,  and  not 
less  than  three  are  at  work  for  each  engine ;  they  have  large  steam 
chests  attached  and  are  all  covered  up  with  great  care.  The  engines 
are  worked  at  all  speeds  which  may  be  practically  included  between 
4  strokes  and  10  strokes  per  minute.  The  cylinders  are  all  cased  in 
steam  jackets  and  these  again  are  enclosed  in  an  outer  case  filled  to  a 
thickness  of  not  less  than  12  inches  with  very  fine  ashes.  The  cylinder 
covers  have  no  steam  jackets  but  are  well  covered  in  various  ways,  as 
are  also  the  steam  pipes  and  upper  nozzles  or  valve  boxes.  The  steam 
valves  are  in  all  cases  double- beat  gun- metal  valves,  and  in  as  good 
order  as  close  care  and  attention  can  maintain  them.  The  boilers 
being  filled  with  steam  at  30  to  35  lbs.  pressure  per  square  inch,  the 
same  pressure  fills  the  steam  chest  and  steam  pipes  up  to  the  steam 
valve.  The  supply  for  the  steam  case  of  the  cylinder  is  taken  from  the 
same  boilers,  and  no  difficulty  exists  in  maintaining  the  full  heat  of  the 
boiler  in  the  steam  case,  amounting  to  282^  Fahr.  with  steam  at 
35  lbs.  per  square  inch  above  the  atmosphere.  The  condensed  water 
from  the  steam  case  returns  by  gravitation  to  one  of  the  working 
boilers,  the  cylinders  being  purposely  set  at  such  a  level  relatively  to 
the  boilers  as  to  allow  of  this  continued  circulation  by  mere  gravitation, 
which  is  not  interfered  with  by  the  working  of  the  engine,  continuing 
to  act  during  the  intervals  of  work  or  as  long  as  steam  remains  in  the 
boiler. 

The  speed  of  the  engine  is  regulated  by  an  adjustable  cataract: 
the  exhaust  valve  first  and  then  the  steam  valve  are  thrown  open 
by  treadle  weights,  as  soon  as  the  catches  are  detached  by  the  cataract 
The  valves  are  closed  by  tappets  on  a  plug  rod  D,  Fig.  1,  Plate  40, 
first  the  steam  valve  E  and  then  the  exhaust  valve  F,  the  former  at  a 
period  of  the  stroke  varying  in  practice  between  one  third  and  one 
fifth  from  the  commencement,  and  the  latter  at  the  end  of  the 
'^  stroke. 
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In  engines  worked  on  this  principle,  as  also  in  all  reciprocating 
engines  pumping  without  cranks,  there  is  nothing  to  limit  the  strokes 
of  the  engine  to  any  exact  length.  It  is  necessary  therefore  that 
bumpers  or  catch  pieces  he  provided  to  restrain  the  engine  at  both  ends 
from  an  undue  length  of  stroke;  and  thick  plates  of  india-rubber 
under  hard  wood  blocks  are  now  used  for  this  purpose  in  place  of  the 
spring  beams  formerly  employed.  An  engine  thus  arranged,  working 
alone,  lifting  water  from  one  fixed  level  to  another,  would  work 
continuouBly  with  one  length  of  stroke  and  one  speed,  at  whatever  it 
might  be  set:  but  in  waterworks  with  direct  delivery,  that  is  not 
pumping  into  a  stand-pipe  of  constant  height  of  column,  but  where 
the  levels  of  the  reservoirs  vary  continually  and  the  velocity  of  the 
delivery  into  the  main  pipes  is  subject  to  continual  fluctuation,  it  is 
found  that  a>ariation  to  the  extent  of  some  inches  in  the  length  of 
stroke  results  throughout  the  day;  and  the  engines  lengthen  and 
shorten  their  strokes  in  obedience  to  the  variable  resisting  pressure  of 
the  column  of  water.  The  variable  resistance  to  the  loaded  plunger  in 
the  outdoor  stroke  causes  the  piston  to  stop  at  a  variable  distance  from 
the  top  of  the  cylinder,  a  reduction  in  the  resistance  causing  a  greater 
velocity  and  a  corresponding  greater  length  of  outdoor  stroke,  before 
the  motion  is  completely  arrested  by  the  effect  of  closing  the  equilibrium 
valve.  An  empirical  dimension  for  length  of  stroke  has  consequently 
to  be  determined  by  observation  as  an  average.  Each  stroke  of  these 
engines  is  an  operation  complete  in  itself,  including  within  itself  all 
the  changes  from  rest  to  rest ;  and  there  is  no  momentum  carried  on 
and  no  arrear  of  force  subsequently  supplied. 

The  stroke  of  the  engine  raising  the  load,  technically  called  the 
*' indoor"  stroke,  is  performed  in  these  engines  at  the  mean  Telocity 
of  from  500  to  600  feet  per  minute.  When  the  steam  is  cut  ofif  at 
l-4ih  of  the  stroke,  a  10  feet  stroke  is  frequently  performed  in 
1  second,  and  11  feet  stroke  constantly  in  1^  second ;  and  when  cut 
o£f  at  1-drd,  the  10  feet  stroke  requires  about  1^  second.  This  speed 
in  pumping  is  almost  peculiar  to  waterworks  engines  ;  for  in  mining 
engines  the  same  length  of  stroke  generally  requires  more  than  2  or 
2|  seconds.  Much  depends  on  this  velocity.  The  chamber  of  the 
pump  having  to  be  filled  during  the  indoor  stroke,  the  dimensions  of 
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the  Buctioii  valres  C,  Fig.  2,  Pkte  41 ,  must  be  such  Uiat  the  lenst 
loss  of  power  maj  be  suffered  in  drawing  the  water  in ;  and  the 
adoption  of  double  suction  yalves  has  proved  yexy  beneficud  in 
economising  power.  Moreover  as  it  is  absolutely  necessary  for  the 
good  working  of  the  engine  that  the  suction  valves  should  be  shut 
quite  as  soon  as  the  engine  concludes  the  indoor  stroke,  the  lift  and 
loading  of  the  valves  are  matters  requiring  considerable  attention. 

For  the  purpose  of  obtaining  a  high  duty,  the  autiior^s  experience 
would  lead  him  not  to  put  a  greater  total  load  on  the  piston  thsa 
about  16  lbs.  per  square  inch,  including  the  friction  of  the  engine; 
this  total  load  being  the  total  pressure  on  the  piston  measured  by  tn 
indicator  and  averaged  over  the  whole  length  of  the  stroke.  Now  in 
engines  worked  in  the  manner  above  described  at  an  average  speed  of 
about  7  strokes  per  minute  there  is  no  difficulty  in  maintaining  s 
vacuum  in  the  condenser  within  If  inches  of  mercury  of  the  atmosphere 
at  the  time.  Observations  on  this  point  have  been  made  for  yean, 
from  which  is  deduced  an  average  of  1*66  inch  below  the 
atmospheric  barometer  at  the  time.  Hence  the  average  vacnom 
maintained  in  the  condenser  may  safely  be  taken  at  28  inches  of 
mercury,  or  13*75  lbs.  per  square  inch.  This  in  action  throaghont 
the  stroke  leaves  only  the  remainder  2 '25  lbs.  per  square  indi  tobe 
made  up  by  the  pressure  of  the  steam,  in  order  to  balance  the  total 
load  of  16  lbs.  per  square  inch  on  the  piston;  and  therefore  a 
somewhat  greater  pressure  of  steam  than  2  *  25  lbs.  per  square  inch 
above  the  atmosphere,  kept  on  the  piston  throughout  the  whole  strcdce, 
would  produce  motion.  If  however  steam  of  a  much  higher  pressure 
be  admitted,  the  motive  force  will  be  greater  than  the  load,  and  it  will 
be  necessary  to  stop  the  admission  of  the  steam  at  some  point  before 
the  end  of  the  stroke,  leaving  the  steam  to  expand  through  the 
remainder  of  the  stroke,  in  order  that  the  total  power  may  not  be  in 
excess  of  the  load  to  a  greater  extent  than  is  necessary  to  produce  the 
required  speed  of  motion. 

The  accompanying  indicator  diagrams.  Fig.  3,  Plate  42,  are  all 
taken  from  one  of  the  engines  at  the  East  London  Water  Works,  with 
five  different  degrees  of  cut  off,  at  -I,  •^,  ^,  |>,  and  ^  of  the  stroke,  bat 
with  the  same  effective  load ;   the  effective  load  being  the  load  to  be 
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lifted,  exclonTe  of  the  friction  of  tbe  engine,  measnred  by  a  pressure 
gange  in  the  pnmp  and  reduced  to  the  area  of  the  piston.  The 
diameter  of  the  cylinder  was  72  inches,  and  the  actual  length  of  stroke 

9  feet  7|  inches.  The  diagrams  were  drawn  snccessively  after  working 
half  an  hour  at  each  of  the  different  proportions  of  cut  off.  They 
show  how  as  the  higher  pressure  of  steam  was  admitted  the  earlier  cat 
off  was  necessary ;  and  how  nearly  the  total  power  exhibited  in  the 
stroke  nnder  the  different  conditions  remains  uniform,  the  mean 
pressure  being  equal  in  each  case  to  15  lbs.  per  square  inch  on  the 
piston  throughout  the  stroke,  which  is  therefore  the  total  load  on  the 
engine  as  measured  by  the  indicator  on  the  cylinder,  .including  the 
friction  of  the  engine.  It  must  howeycfr  be  borne  in  mind  <that 
with  the  steam  cut  off  at  l-6th  and  the  proportionately  higher 
initial  pressure  of  steam  the  stroke  was  made  much  quicker  than 
with  the  steam  cut  off  at  half  stroke,  being  performed  probably 
at  a  greater  average  velocity  than  600  feet  per  minute.  The  admission 
indeed  of  steam  at  such  a  high  pressure  by  a  double-beat  valve 
approximates  very  much  to  a  blow  on  the  piston,  and  must  be  met  by 
great  strength  of  the  moving  parts.  Figs.  4  to  8,  Plates  43  and  44, 
show  the  same  indicator  diagrams 'drawn  out  separately;  and  Figs. 

10  to  12,  Plate  45,  are  indicator  diagrams  from  three  other 
engines  at  the  East  London  Water  Works.  Fig.  10  is  the  indicator 
diagram  from  the  80  inch  cylinder,  giving  a  total  load  on  the  piston 
equal  to  14*38  lbs.  per  square  inch,  the  actual  length  of  stroke 
being  9  feet  9  inches,  and  the  steam  cut  off  at  l-8rd  stroke.  Fig.  II 
is  from  the  90  inch  cylinder,  the  total  load  on  the  piston  being  equal  to 
15-58  lbs.  per  square  inch;  the  actual  length  of  stroke  was  10  feet 
7  indies,  and  the  steam  was  cut  off  at  l-4th  stroke.  Fig.  12  is  the 
indicator  diagram  from  the  100  inch  cylinder,  giving  a  total  load  on 
the  piston  equal  to  16  *  58  lbs.  per  square  inch,  the  actual  length  of 
stroke  being  II  feet,  and  the  steam  cut  off  at  l-4th  stroke. 

In  order  to  determine  with  precision  the  exact  point  at  which  the 
Bteam  valve  is  closed,  an  arm  was  fixed  on  the  valve  spindle,  having 
its  outer  end  connected  to  the  rod  of  an  ordinary  indicator :  then  the 
barrel  of  the  indicator  being  put  in  motion  in  the  nsual  manner,  a 
figure  is  drawn  as  the  result  of  the  two  motions  which  portrays  the  > 
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exact  rise  and  fall  of  the  yalye  on  the  base  line  of  the  stroke.  Fig.  9, 
Plate  44,  is  a  diagram  of  the  lift  of  the  steam  yalye  traced  in  this  way 
by  the  yalye  itself,  showing  the  actual  point  of  cut  off  in  the  72  inch 
cjlinder,  corresponding  with  the  fiye  preceding  indicator  diagrams  from 
the  same  cjlinder.  The  steam  yalye  is  16  inches  diameter,  donble-be&t, 
and  the  yertical  scale  of  the  diagram  is  fall  size,  giying  the  actoal  lift 
of  the  yalye.  This  diagram  shows  that  with  the  steam  cat  off  at 
half  stroke  the  lift  of  the  yalye  is  1-88  inch;  at  l-3rd  siroke, 
1*80  inch;  at  l-4th  stroke,  1*74  inch;  at  l-5th  stroke,  1-69  inch; 
and  when  the  steam  is  cut  off  at  l-6th  stroke,  the  lift  of  the  yalre 
is  1*53  inch. .  The  author  strongly  recommends  the  use  of  this 
contemporary  yalye  diagram  to  proye  the  real  point  of  cut  off,  both 
as  definite  eyidence  particularly  applicable  to  the  moyement  of  the 
yalyes,  and  as  being  easy  and  conyenient  of  management. 

In  ordinary  registers  cf  steam  engine  performance  it  is  thought 
sufficient  to  give  a  comparison  of  the  amount  of  work  done,  in  weight 
of  water  lifted  to  the  known  height,  with  the  weight  of  fuel  necessary 
to  carry  the  engine  through  that  amount  of  work.  The  registers  of 
duty  so  long  and  so  ably  maintained  in  Cornwall  are  based  on  this 
comparison ;  and  the  ordinary  expression  of  pounds  of  fuel  burnt  per 
horse  power  per  hour,  as  uniyersally  employed  elsewhere,  is  only  a 
different  form  of  the  same  expression.  There  is  howeyer  a  defect  in 
the  limited  information  thus  giyen,  since  it  includes  in  one  statement 
the  whole  efficiency  of  the  pump,  the  engine,  and  the  boiler.  These 
registers  are  indeed  inyaluable ;  but  if  an  additional  register  of  the 
quantity  of  water  ordinarily  used  as  steam  can  be  added,  it  becomes 
possible  to  discriminate  between  the  efficiency  of  the  boiler  and  the 
engine,  and  to  inyestigate  the  economy  of  the  engine  itself  without  the 
complication  and  yariations  arising  from  different  constructions  of 
boilers,  size  of  fire,  quality  of  coal,  and  ability  of  the  stoker.  The 
same  measurement  of  the  water  boiled  off  is  no  less  a  most  sore 
comparatiye  test  of  the  good  qualities  of  the  boilers  and  the  fuel;  but 
the  inyestigation  of  that  subject  does  not  come  within  the  purpose  of 
the  present  paper.  The  object  of  the  author  is  to  show  the  quantity 
of  water  used  as  steam  in  performing  the  work,  with  the  proportion 
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which  the  work  actually  done  bears  to  the  theoretical  power  of  the 
steam,  as  deduced  in  both  cases  from  the  final  degree  of  rarefaction  of 
the  steam  at  the  conclusion  of  the  stroke. 

The  true  measurement  of  efficiency  in  a  steam  engine  is  the 
quantity  of  feed  water  used,  as  has  been  well  shown  by  De  Pambour : 
and  the  author  having  endeavoured  to  carry  out  the  same  plan  of 
measurement  can  testify  most  thoroughly  to  the  very  exact  knowledge 
of  the  condition  of  an  engine  that  is  obtained  by  making  the  water 
evaporated  per  stroke  one  of  the  elements  of  continual  registry  in  the 
log  book  or  journal  of  work.     The  following  Table  I  gives  the  total 

TABLE  I. 

Consumption  of  Feed  Water  per  stroke. 


Half  year 

Total  No. 

Feed  Water  erapcrated. 

ending 

of  Strokes. 

Total. 

Per  stroke. 

Average. 

Gallons. 

Gallons. 

June  1858 

686172 

445542 

0-649 

Deo.     „ 

923490 

598075 

0-647 

Average 

72  Inch 

June  1859 

662136 

890287 

0-589 

0*615  gal.  or 

cylinder 

Dec.     „ 

1144711 

676990 

0-591 

6'15  lbs.  per  stroke. 

June  1860 

1024225 

609630 

0-595 

Deo.     „ 

1025356 

639250 

0-623 

June  1860 

901610 

679900 

0-754 

80  inch 

Deo.     „ 

829444 

642350 

0-774 

Average 

cylinder 

Jane  1861 

510443 

393430 

0777 

0*761  gal.  or 

« 

Deo.     „ 

740073 

554170 

0-748 

7  61  lbs.  per  stroke. 

Deo.  1857 

1506952 

1484123 

0-984 

Jane  1858 

1515208 

1459477 

0-968 

Deo.     „ 

881126 

903950 

1-025 

Average 

90  inch 

Jane  1859 

1359688 

1328660 

0-977 

0-997  gal.  or 

cylinder 

Deo.     ,, 

1107643 

1092930 

0-986 

0*07  lbs.  per  stroke. 

June  1860 

753049 

750650 

0-996 

X/60.        )| 

849576 

895150 

1053 

June  1861 

659574 

690400 

1-046 

Deo.  1858 

1541134 

2246216 

1-457 

June  1859 

963525 

1440918 

1*495 

l/\r%  2^-1.   1    ■^'W'        »» 

1070430 

1558426 

1-456 

Average 

100  inch 

1! 1 

June  1860 

1334070 

1880850 

1-409 

1-453  gal.  or 

cylinder 

Deo.     „ 

1346310 

1903550 

1-414 

14'63  lbs.  per  stroke. 

June  1861 

1476320 

2151945 

1-457 

Dea     „ 

1564425 

2323700 

1-485 

15i 
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quantity  of  feed  water  evaporated  and 'the  total  niunber  of  strokes  nude 
in  successive  half  years,  with  the  resalting  average  consnmptioa  of  feed 
water  per  stroke ;  and  these  fignres  being  the  resalts  of  actual  ezperienoe 
are  not  specially  experimental  or  exceptional.  The*  oonturaoos 
measurement  of  the  feed  water  has  been  secured  by  passing  the  feed 
for  each  range  of  boilers  through  one  of  Kennedy's  piston  water 
meters.  These  meters  have  been  specially  tested  for  the  purpose  tnd 
are  periodically  examined,  cleaned,  tested,  and  re-erected  or  exchanged 
according  to  need.  When  used  with  due  care  the  author  considerB  them 
to  be  perfectly  trustworthy  at  a  cost  not  deserving  to  be  mentioned 
in  comparison  with  the  value  of  the  reliable  evidence  they  afford. 


In  order  that  the  total  load  as  measured  by  the  indicator  may  be 
compared  with  the  quantity  of  feed  water  measured  in  actual 
consumption  in  the  boiler,  it  is  necessary  to  ascertain  the  actual  final 
degree  of  expansion  of  the  steam  at  the  end  of  the  indoor  stroke,  and 
also  the  tlieoretical  degree  of  expansion  at  which  the  engine,  with  a 
perfect  vacuum,  and  apart  from  loss  and  friction,  would  have  completed 
the  stroke.  The  actual  final  degree  of  expansion  of  the  steam  at  the 
end  of  the  indoor  stroke,  from  its  original  state  of  water,  is  obtained  bj 
dividing  the  capacity  of  the  cylinder  with  the  working  length  of  stroke  bj 
the  qu  anti ty  of  feed  water  evaporated  per  stroke.  The  following  Table  II 
gives  the  dimensions  of  the  several  cylinders  and  the  final  degree  of 
expansion  obtained  in  this  way,  the  consumption  of  feed  water  being 
taken  from  the  preceding  table. 

TABLE  II. 

Actual  Final  Expansion  of  Steam  from  water. 


Diameter 
of  Cylinder. 

Area 
of  Piston. 

Length 
of  Stroke. 

Capacity 
of  Stroke. 

Feed  Water 
eraporated  per  ttroke. 

Aetna! 

Final 

EzpanuoB. 

Inchet. 

72 

80 

80 

100 

Sq.Ft. 
28-27 
84-91 
44- 18 
54-54 

Feet. 

9-62 

9-76 

10-68 

1100 

Cub.  Ft. 
271-95 
840-37 
467-42 
599-94 

Gal. 
0-615 
0-761 
0-997 
1-458 

Cub.  Ft 
0-0987 
0-1222 
01600 
0-2382 

2756 
2781 
2921 
2578 
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The  highest  degree  of  actnal  expansion  from  water  that  the  author  has 
e?er  observed  has  been  3000  times  with  a  total  load  on  the  piston  not 
exceeding  15)  lbs.  per  square  inch,  and  3134  times  with  a  total  load 
of  15  lbs.,  the  steam  being  cut  off  at  l-4th  stroke  in  both  cases. 

The  theoretical  degree  of  expansion  at  which  the  steam  would  have 
airived  at  the  end  of  the  indoor  stroke,  in  a  perfect  engine  vrithout  loss 
or  friction  and  with  a  perfect  vacuum,  is  found  by  obtaining  from  the 
indicator  diagram  the  mean  pressure  throughout  the  stroke,  which  is 
the  total  load  on  the  piston ;  and  the  simple  expansion  from  water  or 
the  relative  volume  of  the  steam  at  this  mean  pressure,  that  is  the 
number  of  cubic  feet  of  steam  at  that  pressure  produced  from  one 
cubic  foot  of  water,  is  taken  from  a  table  of  steam  pressures.  Then 
the  prodact  of  this  relative  volume  multiplied  by  (1  +  hyp  log  n),  the 
ordinary  formula  for  calculating  the  result  of  expansion,  will  give  the 
theoretical  fbaal  volume  of  the  steam  at  the  end  of  the  stroke,  n  being 
the  number  of  times  the  steam  is  expanded  in  the  cylinder.  In  this 
way  the  theoretical  final  expansion  of  the  steam  is  found  for  any  total 
load  and  any  degree  of  cut  off. 

In  the  72  inch  cylinder  the  total  load  on  the  piston  is  equal  to 
15  lbs.  per  square  inch,  as  obtained  from  the  indicator  diagram, 
Fig.  6,  Plate  43 ;  and  steam  of  a  total  pressure  of  15  lbs.  per  square 
inch  is  enlarged  in  volume  from  water  1670  times.  The  steam  is  cut 
off  at  l-4th  stroke,  and  is  consequently  expanded  4  times  in  the 
cylinder;  and  1  +hyp  log  4  =  2  -  386.  Hence  the  product  1670  X  2  *  386 
gives  8985  as  the  theoretical  final  expansion  of  the  steam  at  the  end 
of  the  indoor  stroke.  The  actual  final  expansion  is  seen  from  Table  II 
to  be  2755,  showing  the  imperfection  of  the  working  result  to 
be  31  per  cent. 

In  the  80  inch  cylinder  the  total  load  on  the  piston  is  equal  to 
14*38  lbs.  per  square  inch,  as  obtained  from  the  indicator  diagram. 
Fig.  10,  Plate  45 ;  and  steam  of  that  total  pressure  is  enlarged  in 
Tolume  1733  times  from  water.  The  steam  being  cut  off  at  l-3rd 
stroke,  1+hyp  log  3  =  2  *099.  Hence  the  theoretical  final  expansion 
of  the  steam  would  be  1733x2*099  =  3638  ;  while  the  actual  final 
expansion  in  Table  II  is  2781,  or  24  per  cent.  less. 
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In  the  90  inch  cylinder  the  total  load  on  the  piston  is  equal  to 
15  *  58  lbs.  per  square  inch,  as  obtained  from  the  indicator  diagnm, 
Fig.  11,  Plate  45 ;  and  the  corresponding  Tolmne  of  the  steam  is  1612. 
The  steam  is  cat  off  at  l-4th  stroke,  and  therefore  l+hyp  log  4 
3=2*386,  which  mnltiplied  by  1612  giyes  8846  as  the  theoretical 
final  expansion  of  the  steam.  The  actual  final  expansion  in  Table  II 
is  2921,  or  25  per  cent.  less. 

In  the  100  inch  cylinder  the  total  load  on  the  piston  being  equal  to 
16*58  lbs.  per  square  inch,  as  obtained  from  the  indicator  diagram, 
Fig.  12,  Plate  45,  the  corresponding  Tolume  of  the  steam  is  1529; 
and  the  steam  being  cut  off  at  l-4th  stroke  as  before,  1529x2-386 
gives  3648  for  the  theoretical  final  expansion  of  the  steam.  Table  II 
shows  that  the  actual  final  expansion  is  2573,  or  29  per  cent  less. 

These  results  are  given  in  a  tabular  form  in  Table  III : — 

TABLE  m. 
Difference  of  Theoretical  and  Actual  Final  Eospansion  of  Steam. 


IMamoter 
of  Cylinder. 

Point  of 
Cat  off. 

Total  Load 
onpiaton. 

Final  Ezpaai 
Theoretkal. 

ttoa  of  Steam. 
AetuL 

DiiiefEocc 
per  seat 

Inches. 

Lbs.  per  sq.  inch. 

72 

1.4ih 

16-00 

8985 

2765 

81 

80 

1.8rd 

14*88 

8688 

2781 

24 

80 

1.4th 

15*58 

8846 

2921 

2S 

100 

1.4th 

16*58 

8648 

2578 

29 

Hence  in  the  100  inch  cylinder,  the  theoretical  final  expansion  of 
the  steam  being  3648  times  from  water,  and  the  capacity  of  the 
cylinder  for  the  stroke  of  11  feet  being  599*94  cubic  feet,  as  given  in 
Table  II,  and  the  weight  of  one  cubic  foot  of  water  being  62*3  lbs., 
the  theoretical  quantity  of  feed  water  necessary  to  expand  into  this 
capacity  would  be  599*94  x  62*3-^  8648  or  10*24  lbs.:  and  the 
author  therefore  concludes  that,  with  the  steam  cut  off  at  l-4th  stroke 
and  under  a  total  load  of  16*58  lbs.  per  square  inch  on  the  pistoO) 
the  stroke  of  11  feet  could  not  be  made  with  less  than  10*24  lbs.  of 
feed  water  under  any  theoretical  conditions  whatever;  that  is  even 
with  a  perfect  vacuum,  and  with  no  loss  or  friction. 
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The  actual  oonsnmption  of  14 '53  lbs.  of  feed  water  per  stroke  in 
the  100  inch  i^linder,  as  given  in  Table  I,  is  eqaivalent  to  20*09  lbs. 
per  indieated  horse  power  per  honr,  that  is  nnder  the  total  load  of 
16 '58  lbs.  per  sqoare  inch  on  the  piston ;  and  the  average  load  as 
measnred  by  a  pressure  gauge  on  the  main  leading  from  the  pomp 
being  12  *  81  lbs.  pw  square  inch  reduced  to  the  area  of  the  piston, 
the  actual  consumption  of  feed  water  per  horse  power  per  hour 
measuied  m  the  main  is  20*09  lbs.  multiplied  l^  the  ratio  of 
16*58  lbs.  to  12-81  lbs.,  amounting  therefore  to  26  lbs.  of  feed 
water  per  horse  power  per  hour.  If  this  were  evaporated  at  a  rate  of 
8  lbs.  of  water  per  lb.  of  fuel,  the  consumption  of  fuel  would  be 
3*25  lbs.  per  horse  power  per  hour.  Therefore  the  minimum 
consmnption  of  fdel  in  a  theoretically  perfect  engine  with  the  steam 
cnt  off  at  l-4th  stroke  would  be  8*25  lbs.  reduced  in  the  ratio  of 
14*53  to  10*24,  amounting  therefore  to  2*29  lbs.  of  fdel  per  horse 
power  per  hour  measured  in  the  main. 

The  standard  quantity  of  feed  water  required  to  produce  a  stroke 
of  known  effect  having  been  obtained  from  the  average  of  so  long  a 
period  of  working,  it  must  be  remembered  that  there  are  probably 
several  causes  by  which  the  consumption  of  feed  water  per  stroke, 
as  stated  in  the  preceding  Table  I,  may  have  been  accidentally  increased. 
The  inaecnracy  that  might  arise  from  blowing  out  the  boilers  while  in 
work  has  been  entirely  avoided ;  but  there  is  a  constant  liability  to 
loss  from  possible  unknown  leaks  from  safety  valves  and  gauge  cocks. 
The  chance  of  spare  boilers  put  on  short  of  water  or  put  off  with  excess 
may  be  balanced  by  a  contrary  proceeding.  Extra  steam  is  used  in 
starting,  which  most  tell  up  with  the  engine  working  only  12  hours 
out  of  the  24. 

The  causes  by  which  to  explain  the  difference  between  tike  actaal 
power  obtained  from  the  steam  and  the  theoretical  full  power  are,  the 
friction  of  the  engine :  the  possible  leakage  of  the  piston,  of  tlie  steam 
▼alve  while  the  piston  is  in  partial  vacuum  during  the  outdoor  stroke, 
ftnd  of  the  equilibrium  valve  while  the  steam  is  on  the  piston  during 
the  indoor  stroke :  and  the  imperfection  of  vacuum  in  the  coiidenser, 
since  it  is  not  to  be  supposed  that  an  air  pump  is  all  the  year  round 
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in  a  condition  to  work  at  all  hoars  witliin  1-66  inchea  of  mocaiy  of 
the  atmosphere.     Then  the  cooling  of  the  piston  rod  during  tih« 
exposure  of  every  stroke,  the  condensation  of  steam  on  the  ^linder 
cover  which  has  no  steam  jacket,  and  the  condensation,  if  any,  of 
steam  on  the  sides  of  the  cylinder  itself,  which  wonld  he  evaporated 
again  and  pass  away  through  the  exhaust  valve  into  the  condenser, 
are  evident  sources  of  loss,  continually  operating.   These  it  is  the  dnty 
of  the  engineer  to  use  every  means  of  diminishing,  in  pursuit  of 
that  theoretical  economy  which  would  result  in  still  further  reducing 
the  difference  that  yet  remains  between  the  power  expended  and  tbe 
useful  effect  produced :  and  an  important  step  towards  the  attainment 
of  this  object  will  be  to  ascertain  an  experimental  value  of  the  lou 
arising  from  each  source. 


Mr.  Gbbaves  remarked  that  his  particular  object  in  the  paper  jnst 
read  was  to  show  that  there  was  a  definite  ultimate  maximum  of  resolt 
to  be  developed  from  a  given  quantity  of  water :  and  he  considered  it 
was  important  that  this  should  be  clearly  recognised,  because  the 
question  of  the  practical  efficiency  of  an  engine  seemed  to  be  generally 
treated  as  though  the  effective  work  that  could  be  obtained  were  an 
indefinite  result  by  reason  of  deducting  an  indefinite  loss  in  friction  &c. 
from  an  indefinite  theoretical  maximum  of  power.  But  he  considered  the 
theoretical  maximum  of  power  was  a  definite  quantity,  and  the  effective 
work  that  could  be  obtained  from  it  was  indefinite  only  as  far  as  the 
losses  from  friction  and  other  causes  were  indefinite.  The  calculations 
given  in  the  paper  of  the  useful  effect  of  the  engines  at  the  East 
London  Water  Works  were  based  on  a  comparison  of  the  theoretical 
and  actual  volumes  of  the  steam  at  the  end  of  the  indoor  stroke,  eadi 
volume  being  estimated  from  the  quantity  of  feed  water  consumed  per 
stroke,  which  was  capable  of  very  exact  measurement  by  extending 
the  observations  over  long  periods  of  working. 
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There  was  one  point  to  which  no  reference  had  been  made  in  the 

paper :  the  clearance  space  in  the  top  of  the  steam  cylinder  and  in  the 

steam  passages,  which  had  not  been  taken  into    acoonnt  in   the 

calcalations.     The  total  clearance  space  in  the  100  inch  cylinder, 

inclading  that  in  the  top  of  the  cylinder  and  in  the  steam  way  as  far 

as  the  steam  Talre,  was  not  less  than  20  cubic  feet  or  B  J  per  cent. 

addition  to  the  capacity  of  the  stroke,  in  the  90  inch  cylinder  15  cubic 

feet  or  S^   per  cent,  addition,  in  th^  80  inch  cylinder  12  cubic  feet 

or  3}  per  cent,  addition,  and  in  the  72  inch  cylinder  10  cubic  feet 

or  3§  per  cent,  addition  to  the  capacity  of  the  stroke.    If  the  clearance 

were  included  in  the  total  capacity  of  the  cylinders,  the  degree  of 

aetoai  rarefaction  of  the  steam  as  deduced  from  that  capacity  would 

appear  greater;  but  the  ratios   of  actual  rarefaction  given  in  the 

paper  were  in  all  cases  within  about  3)  per  cent,  of  the  practical 

result.     And  as  regarded  the  theoretical  rarefaction,  deduced  from 

the  number  of  times  the  steam  was  expanded  in  the  cylinder,  the 

addition  of  the  clearance  space  would  cause  the  cut  off  to  take  place 

Tirtaally  at  a  later  point  of  the  stroke,   and  would  diminish  the 

theoretical  rarefaction.    The  ultimate  result  of  both  effects  in  the  case 

of  the  72  inch  cylinder  would  be  to  make  the  actual  expansion 

only  25  per  cent,  less  than  the  theoretical,  instead  of  31  per  cent,  less 

as  giyen  in  the  paper,  being  6  per  cent,  reduction,  or  6  per  cent. 

addition  to  the  efficiency  of  the  engine  :  and  in  the  other  engines  the 

difference  between  the  actual  and  theoretical   expansion  would  be 

similarly  reduced  by  about  6  per  cent.,  the  ultimate  differences  being 

only  18  per  cent,  in  the  80  inch  cylinder,  19  per  cent,  in  the  90  inch 

cylinder,  and  24  per  cent,   in  the   100  inch  cylinder,  instead  of 

24,  25,  and  29  per  cent,  respectively  as  given  in  the  paper.     The 

actual  amount  of  steam  wasted  in  consequence  of  the  clearance  was 

oidy  the  quantity  required  to  raise  the  pressure  in  the  clearance  space 

up  to  the  pressure  at  the  point  of  cut  off,  this  space  being  already 

filled  at  the  commencement  of  the  indoor  stroke  by  exhaust  steam 

compressed  to  the  pressure  that  exactly  balanced  the  weight  of  the 

loaded  plunger.     The  clearance  space  had  also  the  effect  of  raising 

the  line  of  pressure  in  the  indicator  diagrams,  particularly  towards 

the  end  of  the  stroke. 
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The  indicator  diagrams  accompanying  the  paper  were  not  sdected 
as  repres^iting  any  particularly  high  amount  of  duty  or  yeiy  exoeUeat 
form ;  hut  rather  as  showing  hy  the  five  diagrams  from  the  72  inch 
cylinder  the  different  form  of  diagram  that  was  drawn  with  the  load 
remaining  the  same  hut  the  expansion  varied,  as  shown  in  the 
combined  diagram,  Fig.  8,  Plate  42. 

Mr.  W.  PoLB  enquired  at  what  point  of  the  stroke  the  steam  was 
cut  off  in  the  ordinary  practical  working  of  the  engine  from  which  the 
diagrams  had  been  taken.  Experimentally  an  engine  might  be  treated 
in  various  ways,  but  it  was  desirable  to  know  what  was  considered  the 
most  advisable  point  for  cutting  off  the  steam  in  reg^ular  practice.  One 
of  the  engines  referred  to  at  the  East  London  Water  Works  had  been 
very  thoroughly  experimented  upon  and  described  by  Mr.  Wicksteed 
and  partially  also  by  himself,  and  in  that  case  the  steam  wis  cat  off 
only  at  l-8rd  stroke. 

Mr.  Grbavbs  replied  that  the  five  comparative  diagrams  with 
different  degrees  of  expansion  were  taken  from  the  72  inch  cylinder; 
but  the  engine  upon  which  a  great  many  experiments  had  been  made 
by  Mr.  Wicksteed  was  the  80  inch  cylinder,  the  first  engine  brought 
up  fr(»n  Cornwall  and  the  first  Cornish  engine  used  for  water  worb 
at  all.  In  that  engine  the  steam  had  never  been  cut  off  earlier  than 
l-8rd  stroke,  for  the  engine  was  bought  ready  built  and  had  small 
steam  passages,  so  that  it  was  not  easy  to  get  a  higher  degree  of 
expansion  in  it :  but  in  the  100  inch  cylinder  that  had  since  been  pot 
up  by  himself,  and  in  the  90  inch  cylinder  erected  by  Mr.  Wicksteed 
in  1847,  the  steam  was  cut  off  uni^ENrmly  at  l-4ih  strc^e,  as  shovn 
in  the  indicator  diagrams  from  those  cylinders,  Figs.  11  and  1S| 
Plate  45.  The  72  inch  cylinder  put  jxp  in  185€  was  usually  worked 
also  at  a  cut  off  of  l-4th  stroke,  and  had  been  worked  oceasioaaily 
at  l-5ih  and  1-Gth:  but  he  did  not  think  extreme  degrees  of 
expansion  were  desirable,  as  the  higher  initial  pressure  of  steam 
then  required  produced  rather  a  sudden  blow  on  the  piston  and  caused 
a  great  strain  on  the  machinery.  He  had  found  that  a  cut  off  at 
l-4th  stroke  was  a  very  convenient  degree  of  expansion  for  regular 
working  in  such  engines. 
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Mr.  W.  Pole  ooncarred  in  congidering  it  veiy  difficalt  in  practice 
to  work  with  a  high  degree  of  expansion  in  a  single  cylinder  engine, 
and  heliered  it  was  generally  fonnd  best  on  that  account  to  limit  the 
expansion  to  a  small  amount.  Theoretically  indeed  the  greater  the 
expansion  the  more  work  was  got  out  of  the  steam,  and  therefore  to 
get  a  high  duty  a  high  expansion  was  required :  in  Gomwall  the 
expansion  had  been  carried  as  high  as  ten  times  in  a  single  cylinder 
in  engines  in  good  condition,  and  he  remembered  one  engine  that  was 
doing  the  best  duty  which  had  the  steam  cut  off  at  about  1-lOth 
stroke.  There  could  be  no  doubt  howeyer  that  generally  it  was 
objectionable  to  cut  off  the  steam  very  early  in  an  engine  that  was 
heavily  loaded  :  for  this  produced  a  serious  blow  on  the  piston,  which 
did  the  engine  a  great  deal  of  harm,  by  straining  and  sometimes  even 
fracturing  the  machinery,  which  was  consequently  required  to  be  of 
very  great  strength.  Hence  it  was  important  to  know  that  l-4th 
stroke  was  the  practical  limit  to  which  the  expansion  was  carried  in 
the  actual  working  of  the  single  cylinder  engines  described  in  the 
paper. 

Mr.  F.  J.  Bramwbll  enquired  what  was  the  amount  of  the 
working  expenses  per  horse  power  of  the  engines  at  the  East  London 
Water  Works,  at  the  ordinary  price  of  coals  in  London. 

Mr.  Qreaybs  replied  that  the  engines  worked  at  the  rate  of  12d. 
per  horse  power  per  day  of  24  hours,  including  all  expenses  and  every 
kind  of  repairs,  but  not  interest  on  capital. 

Mr.  F.  J.  Bramwell  asked  what  would  be  about  the  original 
outlay  of  capital  for  such  engines,  that  is  the  first  cost  of  the  engine 
itself  and  of  the  engine  house,  but  exclusive  of  the  boilers  and  the 
boiler  house  ;  and  also  what  was  the  horse  power  of  the  work  done  : 
in  order  that  there  might  be  the  means  of  knowing  the  proportion 
that  the  first  cost  bore  to  the  horse  power  developed  in  these 
Cornish  engines  as  compared  with  pumping  engines  having  cranks 
and  flywheels. 

Mr.  Orbavbs  said  the  power  of  a  100  inch  cylinder  Oomish 
engine  working  at  a  fair  speed  might  be  taken  at  about  250  horse 
power  in  the  work  actually  done  in  the  main  beyond  the  pump  :  and 
the  whole  first  cost  of  such  an  engine,  with  six  boilers,  chimney. 
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air  vessel,  stand  pipe,  and  engine  house  complete,  would  be  about 
£23,000  or  £24,000.  Tbis  was  equivalent  to  nearly  £100  per  actual 
borse  power  of  work  done  beyond  tbe  pump ;  but  in  these  Ck>mi5h 
engines  tbe  term  borse  power  was  seldom  used  at  all  in  statements  of 
the  work  done,  tbe  duty  being  reckoned  in  millions  of  lbs.  raised  1  foot 
high  by  tbe  consumption  of  1  cwt.  of  coal,  according  to  the  nsiul 
practice  in  Cornwall.  The  engine  bouse  included  in  the  above  cost 
would  be  one  built  on  a  handsome  scale  and  exceedingly  massive, 
enclosing  the  entire  engine;  but  in  Cornwall  tbe  house  for  such 
an  engine  was  never  carried  beyond  the  ''bob'*  wall  upon  which 
tbe  beam  is  supported,  and  tbe  outer  half  of  the  beam  worked  oat  of 
doors,  thereby  greatly  diminishing  tbe  cost  of  tbe  house :  this  had 
been  done  also  in  an  engine  put  up  recently  at  the  Kent  Water 
Works  near  London,  where  the  pump  plunger  worked  out  of  doors. 

Mr.  E.  A.  CowpER  remarked  that  reference  had  been  made  in  the 
paper  to  the  loss  that  must  arise  from  tbe  top  cylinder  cover  not 
having  a  steam  jacket,  since  it  was  exposed  alternately  to  the  high 
temperature  of  the  steam  as  it  entered  the  cylinder  at  high  pressure 
and  to  tbe  low  temperature  of  the  expanded  steam  at  the  end  of  the 
stroke,  and  would  thus  cause  some  loss  by  condensing  a  portion  of  the 
steam  at  the  beginning  of  each  stroke:  and  he  thought  it  was 
desirable  that  the  piston  also  should  be  kept  heated  by  steam,  if  this 
could  be  done  conveniently,  because  the  body  of  the  piston  most 
condense  a  certain  quantity  of  steam  at  the  beginning  of  the  stroke, 
which,  although  it  became  evaporated  again  towards  the  end  of  the 
stroke,  was  deprived  of  its  effect  as  steam  in  the  earlier  part  of  the 
stroke,  and  required  a  corresponding  increase  in  the  quantity  of  steam 
admitted  to  tbe  cylinder  for  each  stroke.  He  observed  also  that 
much  of  tbe  pressure  of  tbe  steam  was  commonly  lost  by  wiredrawing 
it  on  admitting  it  to  the  cylinder,  as  the  indicator  diagram  from 
tbe  80  inch  cylinder  showed  a  pressure  in  tbe  cylinder  of  only  13  lbs. 
while  tbe  boiler  pressure  was  80  lbs.  per  square  inch  above  the 
atmosphere. 

Mr.  D.  Adamson  remarked  that  the  arrangement  of  the  Cornish 
engines  described  in  tbe  paper  appeared  to  involve  a  very  large  ontJaj 
in  tbe  first  cost  of  the  engine,  in  proportion  to  the  amount  of  power 
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obtiiiiddy  since  the  mean  pressure  of  steam  throughout  the  stroke  was 
stated  to  be  only  2  or  3  lbs.  per  square  inch  above  the  atmosphere^ 
He  thought  the  application  of  large  cylinders  with  low  pressures  of 
steam  was  not  an  economical  or  advantageous  mode  of  working ;  and 
that  to  get  the  greatest  economy  it  was  necessary  to  develop  the 
largest  amount  of  force  from  the  steam  side  of  the  piston,  instead  of 
obtaining  more  than  three  quarters  of  the  entire  power  from  the 
exhaust  side  of  the  piston.  Moreover  the  Oomish  engine  being 
single-acting,  the  whole  power  required  for  performing  the  work  had 
to  be  put  into  the  engine  in  one  stroke,  instead  of  being  equally  divided 
between  the  two  strokes ;  and  with  so  low  a  pressure  of  steam  as  was 
generally  used,  and  an  early  cut  off,  a  very  large  and  expensive 
construction  of  engine  had  to  be  employed  for  performing  a 
eomparatiyely  small  amount  of  work.  With  pressures  of  140  to 
160  lbs.  now  employed  successfully  in  locomotives,  there  seemed  no 
reason  why  the  required  power  should  not  be  obtained  in  stationary 
engines  by  the  use  of  much  smaller  cylinders,  working  double-acting, 
and  steam  of  100  or  120  lbs.  pressure,  which  with  suitable  boilers 
would  be  easily  practicable,  while  the  engines  would  run  steadier  and 
would  involve  a  much  less  extensive  accommodation  for  housing  them. 
At  his  own  works  he  had  had  such  an  engine  of  about  42  indicated 
horse  power  working  regularly  for  8i  years  with  150  lbs.  steam, 
and  with  a  consumption  of  2|-  lbs.  of  coal  per  indicated  horse  power 
per  hour :  and  the  first  cost  of  the  engine  with  boilers  complete  was 
not  more  than  20  p^  cent,  of  the  outlay  that  had  been  mentioned 
of  the  Cornish  engine. 

As  regarded  the  degree  of  expansion  in  the  cylinder,  he  thought 
an  early  cut  off  was  not  desirable;  for  when  there  was  a  great 
difference  between  the  pressure  and  consequent  temperature  of  the 
steam  at  the  beginning  and  end  of  the  stroke,  there  was  then  also  a 
great  loss  in  condensation  in  bringing  the  cylinder  up  to  the  temperature 
of  the  initial  steam  before  the  piston  was  moved  at  all.  He  had  found 
by  experiment  in  a  beam  engine  that  with  60  lbs.  steam  the  maximum 
economy  was  obtained  when  the  cut  off  took  place  not  earlier  than 
l-3rd  stroke ;  but  as  the  expansion  increased  with  earlier  cut  off,  the 
condensation  increased  also,  and  there  was  only  the  same  work  done 
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with  a  much  larger  expenditare  of  steam :  and  he  had  no  donbt  tbtt 
all  engines  where  the  cnt  off  was  earlier  than  l*3rd  stroke  lost 
a  considerable  amonnt  of  power  by  condensation  of  the  steam  in  the 
cylinder.  He  therefore  thought  it  was  not  desirable  to  carry  expansion 
in  one  cylinder  to  any  degree  that  would  involve  a  greater  change  of 
temperature  in  the  cylinder  than  about  30®  Fahr.  ;  and  if  a  greater 
expansion  were  desired  than  was  allowed  under  this  limitation,  it 
would  be  advisable  to  employ  a  second  cylinder,  and  even  a  third  if 
necessary,  and  also  to  superheat  the  steam  slightly  between  the 
cylinders,  to  preclude  all  possibility  of  condensation  in  them.  B/ 
thus  increasing  the  number  of  cylinders  and  limiting  the  degree  of 
expansion,  the  temperature  of  each  would  be  kept  much  nearer  to  that 
of  the  steam  throughout  the  stroke.  At  the  same  time  a  high  speed 
of  piston  was  required,  since  the  absorption  of  heat  was  so  rapid  that 
the  loss  by  condensation  could  not  be  prevented  if  the  speed  were  lev. 
The  consideration  of  the  pressure  of  steam,  temperature  of  cylinder, 
and  degree  of  expansion,  was  therefore  of  the  greatest  importance  for 
keeping  down  both  the  working  expenses  of  an  engine  and  its  first  cost 
The  single-acting  engine  on  the  Cornish  principle  had  he  thought 
some  advantage  over  a  pumping  engine  with  crank  and  flywheel,  in 
the  fact  that  no  power  was  required  in  the  Cornish  engine  for  keeping 
gearing  in  motion  at  each  end  of  the  stroke ;  a  certain  amoimt  of 
percussive  action  was  indeed  necessary  to  overcome  the  inertia  of  the 
engine  at  the  beginning  of  the  stroke,  but  on  the  other  hand  the  whole 
engine  was  brought  to  a  dead  stand  at  the  end  of  every  stroke  by  the 
whole  effective  power  being  completely  absorbed  in  the  work  done  in 
pumping.  Moreover  the  single-acting  beam  engine  with  loaded 
plunger  was  clearly  preferable  to  a  single-acting  crank  engine ;  bnt 
with  a  double-acting  engine  with  crank  and  flywheel,  and  with  a 
higher  degree  of  expansion,  he  believed  more  power  would  be  obtained 
from  a  given  consumption  of  fuel  than  could  be  got  in  the  Cornish 
engine.  For  the  purpose  of  driving  machinery  the  Cornish  engine 
was  admitted  to  be  altogether  inapplicable,  from  the  great  variation  in 
the  power  throughoat  the  stroke:  but  even  as  a  pumping  engine 
he  thought  its  real  economy  had  been  overrated,  since  the  most 
economical  results  were  said  to  have  been  attained  with  pressures  of 


CORNISH   PITMPINO   BNOINE8.  1G5 

only  25  or  30  lbs.  above  the  atmosphere  at  the  outside ;  and  if  this 
were  the  case,  a  still  greater  degree  of  economy  might  be  expected  to 
be  obtained  by  the  adoption  of  higher  pressures  of  steam. 

Mr.  C.  W.  Siemens  observed  that  the  subject  of  condensation  of 
steam  in  the  cylinder  'vras  now  becoming  more  generally  understood 
than  formerly  ;  and  the  practical  remedy  which  had  been  suggested, 
of  superheating  the  steam  before  it  entered  the  cylinder,  had  been 
attended  with  very  beneficial  results,  especially  in  the  case  of  marine 
engines.  The  relative  advantages  of  superheating  the  steam  were 
greatest  in  working  it  very  expansively;  hence  expansive  working 
might  now  be  carried  further  with  advantage  than  formerly. 

The  Chairman  enquired  what  had  been  taken  in  the  paper  as  the 
theoretical  maximum  of  the  effect  that  could  be  obtained  from  the 
consumption  of  a  given  quantity  of  feed  water. 

Mr.  Orbaves  replied  that  the  theoretical  maximum  of  effect  had 
reference  only  to  the  particular  point  at  which  the  steam  was  cut  off 
in  the  cylinder,  and  was  measured  by  the  theoretical  volume  wHich  the 
steam  would  finally  occupy  in  being  expanded  with  that  degree  of  cut 
off  under  the  total  load  of  the  engine.  The  volume  of  steam  which 
would  be  produced  at  the  pressure  of  the  total  load  from  a  given 
consumption  of  feed  water  was  known  from  experiment ;  and  the 
farther  effect  of  expanding  this  steam  in  the  cylinder  was  ascertained 
by  means  of  the  hyperbolic  logarithm  of  the  number  of  times  it  was 
expanded,  which  gave  the  theoretical  final  volume  of  the  steam  at  the 
end  of  the  stroke.  This  was  taken  as  the  measure  of  the  maximum 
effect  to  be  obtained  from  that  consumption  of  feed  water,  under  the 
given  total  load  and  with  the  given  degree  of  expansion :  and  the  actual 
effect  obtained  was  similarly  measured  by  the  actual  volume  of  the 
steam  at  the  end  of  the  stroke.  The  practical  result  of  this  mode  of 
measurement  was  that  in  the  engines  at  the  East  London  Water 
Works  the  actual  power  developed  was  from  70  to  75  per  cent,  of  the 
theoretical  maximum,  with  the  steam  cut  off  at  1  -4th  stroke. 

Mr.  J.  Feenie  remarked  that  the  paper  that  had  been  read  was 
one  most  useful  to  all  employing  pumping  engines,  and  it  was  a  great 
advantage  to  have  complete  statements  of  what  had  been  done  in  actual 
work  with  the  different  constructions  of  engines.     In  pumping  engines 
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with  a  crank  and  Oywheel  he  did  not  think  so  high  a  pressare  had  yet 
been  attempted  as  had  been  Boggested,  of  100  or  120  lbs.  per  squire 
inch;  the  highest  pressure  jet  emplojed  in  such  engines  was  bo 
belieyed  not  more  than  about  50  lbs.  per  square  inch.  At  the  City 
Cross  Colliery  near  Chesterfield  he  understood  a  large  pomping 
engine  on  the  Cornish  principle  was  now  being  erected  to  take  die 
place  of  the  small  crank  pumping  engines  previously  employed  then, 
and  he  enquired  what  was  the  size  and  cost  of  the  Cornish  engine  in 
this  case. 

Mr.  W.  Hows  replied  that  at  the  Clay  Cross  CoUieiy  they  had 
pumped  a  large  quantify  of  water  for  several  years  past  with  six  small 
non-condensing  engines  with  cranks,  working  eight  sets  of  pumps ; 
but  the  result  had  been  found  not  at  all  satisfactory.  The  pressure  of 
steam  in  the  boilers  was  not  more  than  50  lbs.,  but  the  engines  were 
not  worked  very  expansively.  The  coal  used  was  of  a  very  common 
quality,  and  therefore  an  economical  result  was  not  to  be  expected. 
It  had  now  been  determined  however  to  do  away  with  all  the  small 
crank  pumping  engines,  and  put  up  one  large  Cornish  pumping  engine 
instead ;  but  the  cost  of  this  engine  would  be  much  less  than  that 
mentioned  as  the  cost  of  one  of  the  engines  described  in  the  paper. 
In  the  engine  now  being  erected  the  cylinder  was  84  inches  diameter, 
with  a  stroke  of  10  feet  in  both  the  cylinder  and  the  pumps;  and  it 
was  intended  to  raise  a  column  of  water  18  inches  diameter  and  600  feet 
height ;  consequently  the  effective  pressure  on  the  piston  would  be 
about  12  lbs.  per  square  inch.  The  entire  cost  of  this  engine,  with  a 
wrought  iron  beam  constructed  with  two  large  wrought  iron  plates  one 
on  each  side,  would  be  about  £4500,  including  the  house,  boilers, 
chimney,  and  everything  to  the  outer  end  of  the  beam :  a  very  different 
cost  from  that  previously  named.  The  boilers  used  were  common 
cylindrical  boilers,  which  had  been  found  best  suited  to  the  coUieriee 
and  better  for  the  purpose  than  the  Cornish  boilers,  as  they  did  not 
require  such  skilled  mechanics  to  keep  them  in  repair  and  would 
therefore  be  worked  with  greater  economy.  He  had  no  doubt  that  from 
£7000  to  £8000  would  cover  evefything,  including  sinking  the  shaft 
and  putting  in  the  pumps  and  the  engine.  The  engine  house  was  a 
substantial  brick  building  with  solid  ashlar  beam  wall  up  to  the  krel 
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of  the  cylinder  pillar,  which  was  likewise  of  ashlar  stone ;  but  it  was 
only  half  a  house,  extending  no  farther  than  the  beam  wall. 

Mr.  E.  Rbtnolds  observed  that  the  cost  of  the  engine  alone 
without  the  pnmps  or  honse  was  about  the  same  for  a  Cornish  engine 
as  f(Hr  an  ordinary  beam  engine  with  crank  and  flywheel ;  and  might 
be  taken  roughly  at  about  £40  per  inch  diameter  of  the  cylinder  in 
engines  with  80  or  100  inch  cylinders,  say  £4000  for  the  engine 
described  :  and  this  would  be  equivalent  to  £40  per  horse  power  for  a 
crank  engine  of  100  commercial  horse  power ;  but  such  an  engine 
would  be  capable  of  working  at  about  2|  times  its  nominal  power 
or  250  actual  horse  power. 

Mr.  E.  A.  CowPBK  enquired  what  was  the  cost  of  the  engine  alone 
without  the  boilers,  and  the  weight  of  the  engine. 

Mr.  W.  Hown  replied  that  the  cost  of  the  engine  alone  was 
about  £3000:  the  total  weight  with  a  cast  iron  beam  was  about 
140  tons,  exclusive  of  boilers  and  fittings  to  boilers ;  but  with  the 
wrought  iron  beam  that  had  now  been  adopted  for  the  engine  the 
weight  would  be  somewhat  less. 

Mr.  £.  Slauohteb  asked  whether  Mr.  Qreaves  had  had  any 
opportunil^  of  making  a  comparison  of  the  duty  performed  per  cwt. 
of  coal  in  the  single-acting  Cornish  engine  and  in  a  double-acting 
engine  with  crank  and  flywheel.  He  believed  a  general  impression 
prevailed  that  the  Cornish  engine  possessed  some  special  virtue  as  a 
pumping  engine,  in  comparison  with  the  flywheel  engine ;  and  wished 
to  know  whether  it  showed  in  practice  any  advantage  in  duty. 

Mr.  Grbavbs  replied  that  with  the  commonest  coal  that  could  be 
bought  he  believed  the  Cornish  engines  described  in  the  paper  were 
yielding  about  70  millions  duty  per  cwt.  of  coal  (70,000,000  lbs. 
weight  lifted  1  foot  high) ;  and  with  a  flywheel  engine  of  the  same  size 
he  thought  the  duty  obtained  would  not  be  above  50  millions ;  but  he 
bad  not  had  an  opportunity  of  trying  a  first  class  flywheel  engine  that 
had  been  brought  up  to  the  same  degree  of  efificiency  as  the  Cornish 
engine. 

The  Ohaibji  AN  observed  that  it  was  desirable  to  bear  in  mind  the 
different  dreumstances  under  which  single-acting  or  double-acting 
engines  were  applicable.     The  result  of  his  own  experience  with  the 
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two  classes  of  engines  was  that  the  double-acting  engine  woold  u  a 
rule  do  three  times  the  work  that  could  be  done  bj  a  single-actiiig 
engine,  for  the  same  size  and  weight  of  engine.  The  double-acting 
engine  used  the  steam  on  both  sides  of  the  piston,  and  worked  always 
at  least  one  half  faster  and  sometimes  twice  as  fast  as  the  single- 
acting  engine.  Hence  for  the  same  power  it  was  much  more 
economical  in  first  cost  than  the  single-acting  engine.  But  the  lelatiTe 
advantages  must  be  looked  at  with  regard  to  the  cost  of  fuel  ia 
working,  the  interest  on  capital,  and  the  extra  cost  of  wages  which 
was  consequent  upon  employing  a  single-acting  engine  instead  of  a 
double-acting  engine.  In  general  the  employment  of  a  single-acting 
engine  necessitated  the  payment  of  30  per  cent,  more  in  wages  than  was 
necessary  in  the  case  of  a  double-acting  engine,  the  former  requiring 
a  better  class  of  men  to  attend  to  it.  He  was  not  able  to  understand 
the  reason  for  reverting  to  the  Cornish  engine  in  place  of  the  previons 
crank  engines  for  pumping  at  Clay  Cross ;  for  the  single-acting  engine 
involved  a  much  larger  cost  in  the  construction  of  the  building,  and  a 
much  greater  weight  of  material  in  the  engine  itself  for  the  same  power; 
and  it  was  completely  out  of  place  where  fuel  was  cheap,  as  was  the 
case  in  many  important  instances  where  engines  were  used  for  pumping, 
costing  in  one  instance  within  his  own  knowledge  only  9^.  per  ton. 
In  other  cases  where  fuel  cost  as  much  as  30a.  per  ton,  it  became 
a  very  important  matter  to  consume  the  smallest  quantity  possible, 
and  therefore  it  was  then  best  to  employ  the  single-acting  Cornish 
engine  ;  because  in  a  double-acting  engine  with  a  smaller  cylind^  the 
passive  resistance  or  friction  of  the  machine  was  considerably  greater 
per  square  inch  on  the  piston.  But  between  these  two  extremes  all 
varieties  of  intermediate  cases  arose,  and  it  frequently  became  a 
question  of  very  great  Jiicety  to  determine  which  was  the  proper  engine 
to  be  employed.  Moreover  commercial  considerations  sometimes 
rendered  it  advisable  to  pay  more  in  annual  expenses  for  the  purpose 
of  economising  the  first  cost  of  the  engine ;  and  here  it  was  more 
desirable  to  employ  the  double-acting  engine.  No  general  deter- 
mination therefore  could  be  arrived  at  for  the  use  of  either  engine,  bat 
it  was  highly  important  that  all  the  facts  connected  with  each  shotdd 
be  elicited  and  discussed.    At  the  Main  Drainage  Works  at  Greenwich 
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the  members  had  had  an  opportunity  on  the  previous  afternoon  of 
seeing  the  double-acting  engines  employed  for  pumping  the  sewage, 
which  he  belieyed  would  be  found  more  advantageous  under  the 
particular  circumstances  of  the  case  than  single-acting  engines  would 
have  been,  because  the  lift  was  very  low  and  variable :  but  the  case  of 
the  East  London  Water  Works  referred  to  in  the  paper  was  of  an 
entirely  different  character,  the  lift  being  considerable  and  rendered 
uniform  by  means  of  a  stand  pipe,  and  it  was  therefore  more  desirable 
in  that  case  to  use  single-acting  engines  than  double-acting. 

He  proposed  a  vote  of  thanks  to  Mr.  Greaves  for  his  paper, 
which  was  passed ;  and  expressed  a  hope  that  he  would  continue  the 
observations  hitherto  carried  out  upon  the  working  of  the  engines, 
and  communicate  the  further  results  of  his  observationfi  on  a  future 
occasion. 


The  following  paper  was  then  read  : — 


I 
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ON    THE    MANUFACTURE    OP 
HEMP  AND  WIRE  ROPE. 


Bt  Mb.  CHABLES  P.  B.  SHELLET,  of  Lokdom. 


Ropes  are  mainly  constracted  either  of  the  fibres  of  the  Hemp 
plant  (cannabis  sativa)  or  of  Iron  Wire.  Other  vegetable  sabstaooes 
and  other  metal  wires  are  also  nsed ;  but  in  the  present  paper  only 
the  two  important  manafactares  of  hemp  rope  and  iron  wire  rope  an 
referred  to :  and  as  the  treatment  of  the  hemp  fibres  and  manolKtare 
of  them  into  rope  is  quite  different  from  the  formation  of  iron  vin 
rope,  the  subject  naturally  divides  itself  into  two  branches.' 

Hemp  Rope, — Of  the  other  substances  besides  hemp  which  have 
been  found  useful  and  profitable  for  rope  making,  the  most  important 
are—  '^  manilla  ",  the  fibres  of  which  are  obtained  from  the  bark  of  a 
wild  species  of  banana  grown  in  the  Philippine  islands,  mannfactored 
into  a  rope  commonly  known  as  ''  white  rope  ** ;  jute,  grown  in  Bengalt 
the  fibres  of  which  are  used  for  adulterating  hemp ;  cocoa-nut  fibre  for 
inferior  ropes;  Indian  hemp  or  ''sunn**,  the  high  price  of  whkh 
however  keeps  it  out  of  the  market ;  and  Spanish  grass  or  ''  esparto'*. 
Of  these  ''  manilla**  is  the  most  common  substitute  for  hemp.  The 
machinery  employed  for  manufacturing  any  one  of  these  several  fibres 
into  rope  is  similar  with  slight  modifications  to  that  employed  for 
hemp.  The  intestines,  hide,  and  hair  of  animals  are  sometimes  used 
for  rope  for  special  purposes ;  and  the  Romans  are  said  to  have  formed 
ropes  by  binding  together  rushes  (junci),  whence  the  name  '*  jnnk" 
for  cable  is  believed  to  be  derived.  A  variety  of  specimens  of  hemp 
and  of  other  fibres,  together  with  ropes  of  different  makes,  are 
exhibited,  which  have  been  kindly  furnished  to  the  writer  by  Messrs. 
Wright  of  Millwall.  The  manufacture  of  hemp  ropes  is  still  carried 
on  by  hand,  the  ingenious  machinery  invented  for  the  purpose  bj  the 
late  Capt.  Joseph  Huddart,  and  for  some  time  employed  at  Deptford 
dockyard,  having  been  abandoned  and  the  old  plan  of  hand  making 
again  reverted  to. 
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The  hemp  plant  from  which  the  fibre  is  derived  consists  of  a  woody 
cylindrical  stem,  sarroimded  by  a  fibrons  peel  held  together  by  a 
glatinons  substance,  the  whole  being  protected  by  a  fine  epidermis  or 
skin.  The  fibrons  part,  which  is  the  portion  used  in  the  manufacture 
of  Topea,  is  strongs,  flexible,  and  tenacious ;  but  the  woody  core  and  the 
external  skin  are  useless,  and  it  is  necessary  that  they  shall  be 
separated  from  the  fibres.  This  is  effected  by  ''  retting  ",  that  is  by 
BoakiDg  the  hemp  stalks  in  water  and  allowing  fermentation  to  take 
place,  thus  rotting  the  woody  and  glutinous  parts  and  leaving  the 
fibres  free.  The  hemp  is  pulled  up  by  the  roots,  and  the  flowers  and 
leaves  stripped  off,  and  it  is  then  immersed  in  a  pond  or  running 
stream  where  it  is  allowed  to  remain  until  fermentation  takes  place, 
the  time  of  immersion  being  dependent  upon  the  degree  of  humidity 
and  temperature  of  the  atmosphere  and  also  upon  the  quality  and 
growth  of  the  stalks.  There  are  many  objections  however  to  this 
system  of  retting ;  the  principal  is  that  the  stalks  not  all  being  of  the 
same  strength  of  growth,  and  also  occupying  different  positions  in  the 
immersed  heap,  some  are  liable  to  suffer  from  decomposition  and  be 
weakened  while  others  may  not  be  sufficiently  steeped,  rendering  it 
difficult  in  the  processes  which  follow  to  separate  the  woody  matter 
from  the  fibres,  and  thus  rendering  the  hemp  harsh  and  inelastic. 
Another  serious  objection  is  that  the  vapour  arising  from  the  putre- 
faction of  the  stalks  renders  the  neighbourhood  of  ih^  stream  or  pond 
where  the  retting  is  carried  on  unhealthy.  Moreover  this  mode  of 
retting  unavoidably  deteriorates  and  wastes  the  fibre ;  for  a  single 
stem  of  hemp  is  said  to  be  composed  of  70  to  80  per  cent,  of  wood 
and  20  to  80  per  cent^  of  fibre,  whereas  the  fibre  obtained  by  the 
present  method  does  not  exceed  16  per  cent,  and  falls  as  low  as  12  per 
cent,  the  remainder  being  wasted  in  the  retting.  Several  other  modes 
of  preparing  the  stalks  have  been  tried,  such  as  steaming  them, 
treating  them  with  lime  water  or  alkaline  solution,  and  also  adding 
niaterials  to  the  mass  of  soaking  stalks  with  a  view  of  inducing  speedy 
fermentation;  but  generally  these  plans  have  failed  and  there  is 
still  room  for  improvement  in  this  respect.  After  the  stalks  have 
been  dried  they  are  broken  at  a  hand  break  or  by  rollers,  and  the 
woody  part  is  separated  by   *' scutching**,   somewhat  in  the  same 
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wmj  M  in  tike  mm  of  flax.  Hie  hemp  tinis  pruned  is  pecM  in 
luige  belesy  eaeh  bile  of  Ifteliaa  hemp,  jute,  or  ^«*«^^l^|  vogluBg 
aboai  2)  cwte. 

In  order  to  form  the  strongest  rope  oot  of  a  giren  quantify  of 
material,  whether  hemp  fibres  or  metallic  wire,  the  fibres  shooU  be 
laid  parallel  alongside  one  another  and  secured  at  the  ends,  so  tbt 
ihej  may  take  an j  tensile  strain  pat  npon  them  in  the  direction  of 
their  length ;  the  strength  of  sodi  a  rope  will  be  equal  to  the  straigtli 
of  each  fibre  multiplied  bj  the  number  of  fibres  in  the  section.  Hoqi 
fibres  rarely  exceed  4  feet  in  length,  so  that  the  above  method  of 
making  a  rope  exceeding  4  feet  in  length  will  not  i^ly  to  that 
material.  In  order  therefore  that  the  fibres  may  be  securely  and 
continuously  connected  together,  they  must  be  placed  parallel  to  one 
another  with  the  end  of  one  fibre  orerlai^ing  the  end  of  its  neighbour; 
and  to  prevent  the  fibres  slipping  fiom  one  another,  friction  is  prodmad 
amongst  them  by  twisting;  but  as  the  strength  of  the  fibraa  is 
diminished  when  they  are  twisted  out  of  the  direction  of  ^e  tesaile 
strain  which  they  are  to  sustain,  no  more  twist  should  be  giren  thiaifl 
necessary  to  impart  sufficient  friction  to  prevent  them  from  slip^og 
and  parting  endways.  It  must  be  remembered  that  fibres  of  bempt 
like  metallic  wires,  have  not  the  property  of  ''  felting*',  or  uniting 
into  one  length  by  a  kind  of  entanglement  or  matting  together,  in  the 
manner  common  to  the  fibres  of  wool  and  other  materials  used  in 
spinning.  If  a  bundle  of  paraUel  fibres  be  twisted,  those  on  the  outer 
surface  will  be  stretched  and  strained  considerably  more  than  tlioae 
near  the  centre ;  and  the  further  tbey  are  from  the  centre  the  mon 
will  they  be  strained.  Hence  in  constructing  cordage  it  is  neoeaaaiy 
to  form  or  build  it  up  gradually  from  small  bundles.  Thus  the  prinaiy 
object  of  the  rope  maker  is  to  get  the  longest,  finest,  and  strongest 
fibres  which  can  be  economically  obtained;  and  next  to  lay  them  in 
bundles  parallel  to  one  another  and  in  continuous  juxtaposition,  giTing 
them  ultimately  such  a  degree  of  twist  that  the  friction  amongst  the 
fibres  of  the  bundle  is  equal  to  their  tensile  resistance. 

When  the  fibres  are  laid  parallel  and  in  continuous  juxtaposition^ 
they  are  said  to  form  a  <^  sliver '' ;  and  the  sliver  when  twisted  is  said 
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to  be  ooDYerted  into  a  *' thread"  or  ''yam";  and  a  number  of 
yams  laid  parallel  and  in  juxtapoBition,  bound  round  by  an  external 
<*  serving  "  of  yam  to  hold  them  together,  form  ''  selvagee  "  which  is 
the  simplest  constraction  of  rope.  If  each  of  the  yams  in  the  selvagee 
bore  its  fair  share  of  strain,  this  would  be  the  strongest  kind  of  rope  ; 
bat  the  objection  to  its  more  frequent  use  is  that  the  outside 
"  serving  "  of  yam  frets  away  and  allows  water  to  enter  and  rot  the 
ysna  inside.  In  order  to  overcome  the  objections  to  selragee,  ropes 
are  made  of  ''  strands  ",  each  strand  consisting  of  a  numher  of  yams 
twisted  together,  the  strands  being  again  twisted  into  the  rope;  the 
dass  of  rope  depends  upon  the  number  of  strands  and  their  arrangement. 
Ihe  yarn  is  twisted  in  the  process  of  manufacture  by  a  motion  to  the 
left  firom  the  right,  or  contrary  to  the  motion  of  the  hands  of  a  watch, 
produciiig  what  is  termed  in  rope  making  a  left-handed  twist,  being  a 
flpixal  oorresponding  to  the  thread  of  a  rights-handed  screw.  The  twist 
of  each  strand  is  in  the  opposite  direction  to  that  of  the  yams 
eomposing  it ;  and  the  twist  of  the  rope  itself  is  again  in  the  opposite 
diraetion  to  that  of  the  strands,  or  in  the  same  direction  as  that  of  the 
7»ms. 

Bqpes  are  commonly  divided  into  three  dasses  known  as  ''  hawser- 
kid",  '<  shroud-laid",  and  <<  cable-laid  "  ropes.  ''Hawser-laid" 
ropes  are  composed  of  three  strands  twisted  together;  the  number  of 
yams  £ar  each  strand  in  different  sizes  of  hawser-laid  ropes  is  dependent 
on  the  diameter  or  number  of  thread  of  the  yam.  "  Shroud-laid  " 
ropes  are  composed  of  four  strands.  "  Gable-laid  "  ropes  are  composed 
of  three  hawser-laid  ropes  twisted  together.  "  Gablets  "  are  small 
ciMe-laid  ropes  measuring  from  1  to  10  inches  in  girth ;  larger  sizes 
ere  termed  cables.  Shroud  and  hawser-laid  ropes  seldom  exceed 
10  indies  in  girth.  A  core  or  "  heart "  is  used  in  shroud-laid  ropes; 
it  is  made  of  rope  and  is  placed  in  the  centre  of  the  strands,  running 
bom  end  to  end  of  the  rope  with  the  strands  laid  round  it.  In  old 
worn  out  ropes  the  core  is  always  found  to  be  brcAen  in  o<mBequeBce  of 
the  stretching  of  the  strands ;  for  the  strands  being  twisted  spirally 
and  the  core  straight,  the  strands  will  give  more  under  a  load  than  the 
core,  whieh  cannot  therefore  be  relied  upon  for  adding  str^gth  to  the 
repe;  bat  it  assists  materially  in  keeping  the  strands  in  position 
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during  the  mazmfactnre  of  the  rope  by  band.  Flat  hempen  ropes  are 
made  of  four  or  six  ropes,  each  composed  of  three  strands,  and  laid 
alternately  to  the  right  and  to  the  left;  these  are  stretched  side  by 
side  and  sewn  through  in  a  zigzag  direction. 

Before  the  hemp  is  spun  into  yam  it  has  to  be  freed  from  dust  and 
hard  knots,  and  the  fibres  combed  so  that  they  may  be  separate  and 
parallel  to  one  anotiier.  This  process  is  called  ^'  Heckling*',  and  is 
done  either  by  machinery  or  by  manual  labour ;  the  machinery  for  tbe 
purpose  is  similar  to  that  used  in  the  preparation  of  fiax.  When  done 
by  hand,  each  man  is  provided  with  two  combs  or  '<  heckles  ",  one 
coarse  and  the  other  fine.  The  heckle  is  formed  of  a  number  of 
straight  sharp-pointed  steel  pins  fixed  with  the  points  upwards  in  an 
inclined  board ;  the  length  of  the  pins,  their  thickness,  and  pitdi  or 
distance  from  centre  to  centre,  vary  with  the  material  to  be  bedded, 
those  used  for  manilla  being  much  finer  and  closer  together  thanthoee 
used  for  hemp :  the  pins  for  heckling  hemp  are  about  10  inches  hmg 
and  about  2}  inches  pitch  centre  to  centre.  The  dresser  after  untyii^ 
and  opening  one  of  the  heads  of  hemp  takes  hold  of  the  fibres  at  about 
the  middle  of  their  length  and  throws  one  end  of  them  loosely  oyer 
the  pins,  and  pulls  the  bundle  towards  him ;  this  is  repeated  until 
about  half  the  length  has  been  thoroughly  combed  by  drawing  throfii^ 
the  heckles.  The  bundle  is  then  turned  end  for  end  and  the  other  half 
heckled  in  the  same  way,  after  which  it  is  finished  on  the  fine  heddes. 
The  hemp  is  now  entirely  free  from  knots  and  has  a  glossy  silky 
appearance;  it  is  distinguished  as  ^<  long  hemp"  and  is  said  io  be 
^*  topped  "  ;  and  the  handful  of  hemp  is  then  doubled  in  the  centre  and 
tied  at  the  ends,  in  which  state  it  is  called  '<  doll  *'  and  weighs  about 
8  lbs.  The  tow  or  fibres  retained  by  the  heckles  are  called  <*  shorts  *% 
and  if  the  shorts  are  to  be  worked  into  the  yam  they  are  tied  up  with 
the  bundle  of  *'  doll  *'.  The  dresser  applies  a  little  oil  occasionally  to 
the  points  of  the  prongs  for  the  purpose  of  reducing  the  friction;  and 
in  dressing  manilla,  soap,  is  sometimes  applied  to  the  fibres  for  the 
same  purpose,  in  addition  to  oiling  the  heckles.  Each  bale  of  Italian 
hemp,  jute,  or  manilla,  weighing  2|  cwts.  or  2dO  lbs.,  loses  by  heeUiBg 
about  80  lbs.  of  <' shorts**  and  10  lbs.  of  waste,  leaving  190  lbs.  of 
<Uong  hemp  '*  from  the  bale.     One  dresser  heckles  in  a  day  8  ewts. 
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(finished  weight)  of  St.  Petersbnrg  hemp,  or    2  cwts.  of  manilla, 
or  1|  cwt.  of  jute. 

The  next  process  which  the  fibres  undergo  is  that  of  Spinning  into 
yams.  Hand  spinning  is  done  on  a  long  strip  of  ground  called  the 
rope  walk,  which  is  generally  coyered  by  a  low  roof :  sometimes  the 
shed  has  an  npper  fioor  with  a  low  roof,  and  then  the  spinning  is  done 
on  the  tipper  floor  and  the  other  parts  of  the  manufacture  on  the 
groimd.  The  length  of  the  walk  and  shed  is  about  1230  feet  or  a 
litUe  over  200  fathoms,  and  the  width  about  80  feet.  The  tie  beams 
of  the  roof  are  placed  eyeiy  SO  feet  or  5  fathoms  apart,  and  carry  a 
row  of  hooks  on  the  underside.  That  end  of  the  walk  at  which  the 
spinning  machines  are  placed  is  called  the  ''  head  "  or  ''  fore  end  "  of 
the  walk,  and  the  opposite  end  is  the  ''foot"  or  ''bottom  end"  of 
the  walk. 

The  Hand  Spinning  Machine,  shown  in  Figs.  1  and  2,  Plate  46, 
18  formed  of  two  cast  iron  frames  with  a  band  wheel  A  between  them, 
driven  either  by  a  man  at  the  winch  handle  at  the  back  or  by  steam 
power.  A  band  passing  round  the  wheel  passes  over  twelve  wood 
rollers  or  "  whirls  "  B,  1|  inch  diameter,  as  shown  enlarged  in  Fig.  3, 
fixed  on  steel  spindles  about  g  inch  diameter  which  reyolye  in  notches 
or  bearings  in  the  brass  discs  G  screwed  in  the  frames  of  the  machine : 
the  spindles  are  kept  in  their  bearings  by  a  riband  of  wrought  iron 
screwed  upon  the  outside  of  the  frame.  On  the  back  end  of  the 
spindle  is  a  shoulder,  and  between  this  and  the  brass  disc  is  a  loose 
collar,  to  take  the  pull  of  the  yams  in  spinning ;  the  spindle  is  kept 
in  by  a  finger  D  fixed  on  the  back  of  the  frame.  The  front  end  of  the 
spindle  is  drawn  out  into  a  hook  E.  The  notches  in  the  brasses  0, 
shown  enlarged  in  Fig.  4,  are  for  the  purpose  of  forming  fresh 
bearings  for  the  spindles ;  there  are  eight  notches  in  each  brass,  and 
when  one  notch  is  worn  down  the  brass  is  turned  to  bring  another 
notch  round :  when  the  whole  of  the  notches  are  worn  down  a  new 
brass  is  put  in.  The  twelve  hooks  and  "whirls"  are  set  upon  the 
semiciroular  upper  part  of  the  machine,  and  are  made  to  revolye  by 
the  band  which  passes  over  them  from  the  driying  wheel  A. 
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Eaoh  spinner  before  beginning  to  spin  takes  up  a  bnncik  of  hoop 
sufficient  in  quantity  to  spin  one  ''thread'*  of  yam  of  the  required 
length ;  he  places  the  ''  bight "  or  middle  of  the  length  of  the  fibres 
in  front  of  him,  and  turns  the  ends  round  his  waist,  crossing  them 
behind.  If  the  ''shorts"  are  to  be  worked  into  the  jam  th^ 
are  tucked  below  the  bight.  Each  spinner  carries  in  his  right  hand  a 
piece  of  stout  list.  There  are  twelve  spinners  to  each  machine,  om 
to  each  hook.  The  spinner  draws  from  the  bight  or  front  of  ^ 
bundle  round  his  waist  a  sufficient  quantity  of  fibres  for  the  size  of  (ho 
yam  or  thread  about  to  be  spun,  thus  forming  a  "  sliyer  *%  whidi  he 
twists  with  his  fingers  and  hooks  the  bight  of  the  slirer  on  to  one  of 
the  rerolving  hooks  of  the  machine.  He  then  walks  badcwaidi 
towards  the  bottom  of  the  rope  walk,  drawing  the  hemp  from  his 
waist  and  forming  a  sliver  with  his  left  hand,  pulling  some  of  the 
fibres  back  If  they  come  forward  too  quiddy  and  drawing  some  forward 
if  there  are  not  enough  to  keep  up  the  required  size  of  yam.  The 
sliver  passes  through  his  right  hand,  with  which  by  means  of  the  piece 
of  list  he  firmly  grips  it,  so  as  to  '^  fomi"  the  yam.  The  spmner 
thus  prepares  the  sliver  and  forms  the  yam,  while  the  machine  gifm 
it  the  twist.  Care  must  be  taken  not  to  place  the  ends  of  one  set  of 
fibres  too  near  to  the  ends  of  the  next  set,  not  giving  them  sufBdoBft 
lap,  otherwise  the  yam  will  part  by  the  fibres  slipping  endways  bom 
(ftie  another ;  and  also  to  keep  the  fibres  even  and  regular  in  thiekneBi, 
in  order  that  the  yam  may  be  of  equal  strength  throughout.  Ibe 
•pinner's  pace  in  walking  backwards  must  be  uniform  and  in  aoeordanoe 
with  the  speed  of  the  revolving  whirls.  The  speed  of  tha  whirls  and 
the  amount  of  twist  of  the  yam  is  dependent  upon  the  quality  of  the 
rope  to  be  manufactured. 

The  twelve  spinners  are  divided  into  three  sets  of  four  eadi;  fosr 
risers,  four  middlemen,  and  four  leaders.  The  four  risers  woik  (am 
the  four  hooks  on  the  left  side  of  the  machine,  the  four  middlcBOi 
from  the  four  middle  hooks,  and  the  four  leaders  from  the  four  hooks 
on  the  right  of  the  machine.  All  the  twelve  spinners  start  at  oaoe 
from  the  machine  in  the  morning.  The  four  risers  spin  down  themik 
a  yam  l-3rd  o&  160  fathoms  long,  and  then  stop,  while  the  middhsiMB 
and  leaders  continue  to  spin  past  them.     The  four  yams  of  the  risen 
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are  now  unhooked  from  the  whirls  by  a  man  at  the  top  of  the  walk, 
and  are  passed  each  through  a  hole  F  in  the  frame  of  the  spinning 
machine,  Fig.  1,  Plate  46,  to  a  reel  at  the  back,  upon  which  thej  are 
wound ;  the  men  at  the  bottom  end  of  the  yams  still  hold  on  so  as  to 
prevent  the  yam  from  untwisting,  and  follow  it  up  to  the  machine  as 
it  is  wound  on  to  the  reel.  They  then  twist  the  ends  of  these  yams 
on  to  one  of  the  holding  pins  G  on  the  cross  bar  of  the  machine  frame, 
and  start  spinning  again  with  four  fresh  yams  which  they  will  this 
time  spin  down  to  the  whole  length  of  160  fathoms  before  stopping. 
The  four  middlemen  spin  down  the  walk  a  yam  2-Srds  of  160  fathoms 
long,  and  then  stop,  while  the  leaders  still  go  on  and  pass  them. 
Their  four  yams  are  taken  off  the  hooks  of  the  machine  and  spliced  on 
to  the  ends  of  the  four  yams  which  were  left  on  the  holding  pin  by  the 
risers ;  the  yams  of  the  four  middlemen  are  then  wound  on  to  the 
reel,  the  men  following  them  up  the  walk  and  fastening  the  ends  on  to 
one  of  the  holding  pins :  the  middlemen  then  start  fresh  yams  of 
160  fathoms  length  and  spin  down  the  walk.  The  four  leaders  spin 
down  the  walk  a  yam  160  fathoms  long,  and  then  they  also  stop,  and 
their  four  yams  are  taken  off  the  hooks  and  spliced  on  to  the  ends  of 
the  four  yams  left  on  the  holding  pin  by  the  middlemen ;  the  yams  of 
the  leaders  are  then  wound  up  on  the  reel,  followed  up  by  the  men. 
8o  they  go  on  till  breakfast  time,  the  three  sets  of  men  neyer  being 
up  at  the  machine  together,  and  never  more  than  four  being  there  at 
one  time,  so  that  the  three  sets  are  always  separated.  After  breakfast 
the  risers  commence  with  the  2>8rds  lengths  and  the  middlemen  with 
the  l-3rd  lengths,  and  thus  the  quantity  of  yam  spun  is  equalised 
between  them. 

As  the  spinner  proceeds  down  the  walk  he  tosses  the  yam  with  his 
left  hand  on  to  one  of  the  hooks  in  the  rafters  in  order  to  support  it ; 
and  in  coming  back  he  jerks  it  off  again.  The  distances  of  l-3rd, 
2-8rd6,  and  160  fathoms  are  chalked  on  the  side  of  the  shed,  and  as 
the  spinners  of  each  set  come  to  the  distance  they  shake  their  yams 
and  thus  signal  to  the  man  at  the  machine  for  the  yarns  to  be 
unhooked  and  reeled  up.  Each  spinner  is  paid  in  London  9d,  for 
spinning  six  threads  or  yams,  each  160  fathoms  long;  this  is  called 
''  one  quarter's  work  ",  and  each  spinner  spins  four  threads  in  an  hour. 


178  ftOPB   MAHUFACrURK. 

The  yams  are  distingniBlied  and  designated  by  their  sue  or  mmber 
of  thready  every  suse  being  nnmbered ;  the  ordinary  nombers,  begimimg 
wiih  the  coarsest  yam  and  going  to  the  finest,  are  18,  20,  25, 30, 
and  40.  No.  20  is  the  most  nsnal  size  and  is  employed  for  *'  London 
staple  cordage";  No.  25  is  nsed  for  government  yams,  No.  30 for 
bolt  rope  yams  or  the  finest  description  of  cordage,  and  No.  40  for 
whale  lines.  In  spinning  No.  20  size  the  ''shorts**  are  alwijs 
worked  in  with  the  ''  long  hemp  ";  bnt  for  finer  sizes,  25, 30,  and 40, 
''  long  hemp  "  alone  is  nsed,  in  order  that  the  yam  may  be  even  ud 
smooth.  The  size  of  the  yam  is  determined  by  the  nnmber  reqoired 
in  each  strand  to  make  a  rope  of  8  inches  girth  with  three  stnads; 
thus  the  size  of  No.  20  yam  is  snch  that  20  yams  in  each  strand  irill 
make  a  rope  of  8  inches  girth  with  three  strands.  No.  20  is  said  to 
be  the  nsual  ''grist*' ;  Nos.  25,  80,  and  40,  are  said  to  be  finer 
*'  grists  '*. 

If  the  cordage  is  to  be  tarred,  it  is  done  at  this  stage  of  the 
manufacture,  before  the  yams  are  formed  into  strands;  bat  the 
process  of  tarring  the  yams  will  be  described  subsequently. 

When  the  reel  behind  the  spinning  machine  has  been  filled  with  the 
four  lengths  of  yams  spun,  it  is  taken  to  the  Winding  Machine,  showii 
in  Figs.  5  and  6,  Plate  47,  which  separates  the  four  yams  on  to  foor 
separate  bobbins  A  A,  and  also  reverses  the  lay  of  the  yam  end  for  end 
so  that  the  fibres  may  lie  in  the  proper  direction  for  passing  throng 
the  next  process.  Fig.  5  is  a  front  elevation  of  half  the  length  of  the 
machine,  showing  two  of  the  four  winding  bobbins  A  A ;  and  Fig.  6  is 
an  end  elevation.  The  bobbins  are  driven  firom  the  drum  B  which 
extends  the  whole  length  of  the  machine,  by  means  of  straps  passing 
round  the  four  riggers  C  0  fixed  on  the  vertical  spindles  that  cany  the 
bobbins  A.  The  full  reel  containing  the  four  yams  from  the  spinning 
machine  is  mounted  on  a  temporary  frame  behind  the  winding  madune, 
and  the  ends  of  the  four  yams  are  led  to  the  bobbins  over  a  sliding 
bar  D,  which  has  a  vertical  reciprocating  motion  given  to  it  by  the 
cam  E  and  levers  F,  for  the  purpose  of  filling  the  bobbins  regolsrij 
and  equally  from  end  to  end.  Other  forms  of  winding  machines  are 
used,  but  the  principle  of  constraction  is  the  same  in  all.     When  the 
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four  bobbins  are  filled  they  are  replaced  by  empty  ones,  until  the  whole 
of  the  reel  from  the  spinning  machine  is  wound  ofif  upon  bobbins.  The 
four  fall  bobbins  are  then  taken  away  and  placed  vertically  in  a  large 
wooden  frame  called  the  bobbin  frame,  which  holds  from  150  to 
200  bobbins.     Each  bobbin  contains  about  14  lbs.  of  yam. 

The  next  process  is  that  of  twisting  a  number  of  yams  together 
into  a  strand,  which  is  termed  '^Forming"  and  is  done  in  the 
'*  fomiing  "  machine  and  in  the  shed  coyering  the  rope  walk.  Haying 
ascertained  the  number  or  size  of  the  thread  that  is  of  sufficient 
thickness  to  form  the  required  strand,  the  number  of  yams  corre* 
Bponding  to  that  size  of  thread  are  selected  ;  and  the  ends  of  the  yams 
of  this  size  are  drawn  from  the  bobbins  and  brought  in  a  conyerging 
direction  to  a  square  iron  plate,  called  the  ^^  register  "  plate,  perforated 
with  a  number  of  round  holes.  Each  yam  is  made  to  pass  through  a 
separate  hole  in  the  register  plate,  and  the  yams  all  conyerge  thence 
into  one  common  point  through  the  forming  board,  in  which  is  a  taper 
steel  tube  with  a  trumpet-mouthed  taper  hole  through  it.  The  hole 
in  the  tube  varies  in  diameter  for  each  size  of  strand  and  is  selected  by 
a  gauge  :  the  diameter  of  the  tube  for  one  of  the  strands  for  a  rope  of 
8  inches  girth  is  8-16ths  inch  at  the  small  end  and  9-16th8  inch  at 
the  large  end,  and  for  the  strands  of  a  rope  of  2  inches  girth  it 
is  5-16ths  inch  at  the  small  end  and  7-16th8  inch  at  the  large.  The 
convergent  yams  are  entered  into  the  tube  at  the  large  trumpet- 
mouthed  end,  and  are  forced  through,  fitting  tightly  into  the  tube  ; 
they  are  thus  squeezed  together  previously  to  being  attached  to  the 
fonning  machine. 

The  Forming  Machine  for  twisting  the  hemp  yams  into  strands  is 
shown  in  Fig.  7,  Plate  48.  It  is  mounted  on  wheels  and  made 
to  travel  along  the  length  of  the  rope  walk  by  the  endless  rope  A, 
called  the  ''  fly  rope  ",  which  passes  round  pulleys  at  the  top  and 
bottom  of  the  walk  and  acts  as  a  driving  rope,  being  driven  by 
an  engine.  This  fly  rope  takes  a  turn  round  the  whelp  wheel  £,  which 
gives  motion  by  gearing  to  the  drum  C  and  the  twisting  hooks  or 
*' nibs'*  D  for  forming  the  strands.  A  fixed  rope  E  called  the 
**  ground  rope  ",  made  fast  at  the  ends  of  the  walk,  is  coiled  round  the 
dram  C,  so  that  by  the  revolution  of  the  drum  the  machine  is  made  to 
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travel  along  the  walk.  During  the  trayel  of  the  machine  llie  jans 
hooked  upon  each  nib  are  drawn  out  and  twisted  together  into  a 
strand ;  each  nib  taking  the  number  of  yams  required  to  fonn  the 
strand.  The  speed  of  revolution  of  the  hooks  is  regulated  according  to 
the  kind  of  rope  into  which  the  strands  are  to  be  made ;  and  the  great 
object  is  to  adjust  the  rate  of  travel  of  the  machine  in  relation  to  the 
speed  of  the  hooks  so  that  the  strands  may  receive  the  proper  aonoimt 
of  twist  in  a  given  length.  For  this  purpose  the  staves  of  the 
drum  0  which  gives  the  travel  of  the  machine  are  made  capable 
of  being  shifted  to  or  from  the  centre  of  the  drum  hj  means  <tf 
adjusting  screws,  so  as  to  diminish  or  increase  the  rate  of  traveL 

In  the  next  process  the  strands  are  '*  laid**  into  a  rope  bj  two 
^'  Laying  *'  Machines,  one  at  the  upper  end  of  the  walk  and  the 
other  at  the  lower  end,  shown  in  Figs.  8  and  11,  Plates  49  and  50. 
In  this  process,  instead  of  being  twisted  together  as  the  yams  are  in 
the  previous  '* forming"  process,  the  strands  are  placed  or  ''laid" 
in  their  spiral  position  in  the  rope  without  being  twisted.  The 
laying  machine  at  the  upper  end  of  the  walk.  Fig.  8,  Plate  49,  is 
fixed,  and  the  three  strands  to  form  the  rope  are  attached  to  the 
hooks  D,  which  are  made  to  revolve  in  a  similar  manner  to  those  in  the 
previous  forming  machine,  by  the  fly  rope  passing  round  the  wheel  B. 
The  lower  end  laying  machine,  Fig.  11,  Plate  50,  is  left  free  to  tziTei 
part  way  up  the  walk  as  the  length  of  the  strands  becomes  shortened 
by  their  being  laid  into  a  spiral  in  the  rope.  The  wheel  B  heredrivee 
the  two  ''  forelocks  *'  A  A,  to  one  or  other  of  which  the  strands  an 
made  fast,  according  as  the  twist  of  the  rope  is  to  be  right-handed  or 
left-handed.  The  three  strands  for  the  rope  are  stretched  tight  along 
the  length  of  the  walk  from  the  hooks  D  of  the  laying  machine  at  the 
upper  end  to  the  forelock  A  of  the  lower  laying  machine,  and  are 
supported  off  the  ground  and  kept  separated  by  means  of  posts,  called 
"  samson  posts  *',  placed  at  every  5  fathoms  length,  with  pegs  to  cany 
the  strands.  A  taper  piece  of  wood  with  three  grooves,  called  the 
"laying  tdp",  shown  enlarged  in  Figs.  9  and  10,  Plate  49, ia  then 
inserted  between  the  strands  dose  to  the  lower  machine,  widi  its 
smaller  end  towards  the  forelock  A,  one  of  the  strands  lying  in  eaohef 
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the  grooves.  A  transverse  hole  is  made  through  the  laying  top, 
through  which  is  passed  the  ^'  top  stick"  or  handle  that  the  top  is 
held  by.  The  laying  tops  are  made  of  various  sizes  according  to  the 
size  of  rope  required :  for  a  rope  of  3  inches  girth  the  top  is  12  inches 
long,  10  inches  diameter  at  the  larger  end,  and  8  inches  at  the 
smaller.  When  the  rope  is  more  than  3^  inches  in  girth,  a  ''top 
cart "  is  used  for  supporting  the  top. 

The  laying  machines  being  now  put  in  motion,  the  revolution  of 
the  forelock  A,  Fig.  11,  Plate  50,  gives  the  twist  or  **  hard"  of  the 
rope,  while  the  laying  top  is  firmly  held  by  the  handle  from  turning. 
The  hooks  D,  Fig.  8,  Plate  49,  at  the  other  ends  of  the  strands  are 
made  to  revolve  in  the  opposite  direction  to  the  forelock  A  which 
ifi  twisting  the  rope,  so  that  the  twist  put  into  each  of  the  individual 
strands  at  the  point  where  they  are  united  into  the  rope  immediately 
behind  the  laying  top  is  taken  out  again  by  the  hooks  at  the  upper 
end.  The  laying  top  is  gradually  pressed  forwards  by  the  closing  of 
the  strands  upon  one  another  behind  it ;  its  motion  requires  to  be  very 
regular,  and  it  is  prevented  from  moving  forwards  too  fast  by  a 
^^  tail*'  or  piece  of  rope  attached  to  the  top  handle,  which  is  coiled 
round  the  rope  already  twisted,  and  thus  acts  as  a  drag  to  the  top. 
The  two  laying  machines  must  be  driven  at  exactly  the  proper  speed 
relatively  to  each  other,  so  that  the  twist  put  into  the  se^iarate  strands 
at  the  laying  top  may  be  exactly  neutralised  by  the  revolution  of  the 
hooks :  otherwise  if  the  hooks  revolve  too  slow,  they  will  partially 
untwist  the  individual  strands,  since  the  twist  of  the  yams  in  each 
strand  is  in  the  contrary  direction  to  that  of  the  strands  in  the  rope ; 
or  if  too  fast,  the  strands  will  become  twisted  tighter.  In  order  that 
the  man  holding  the  laying  top  may  find  out  how  the  machines  are 
working,  whether  too  fast  or  too  slow  relatively  to  each  other,  he 
makes  a  mark  on  one  of  the  strands  close  to  one  of  the  supporting 
posts :  if  the  strands  are  being  twisted  too  fast  by  the  hooks  of  the 
npper  laying  machine,  the  mark  on  the  strand  advances  towards  the 
upper  end  of  the  walk,  from  the  yams  themselves  becoming  twisted 
tighter  together  in  each  strand,  whereby  the  length  of  the  strand 
is  shortened;  but  if  too  slow,  the  mark  recedes  towards  the  lower 
end,  from  the  partial  untwislang  and  consequent  lengthening  of  the 
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individual  strands.  In  laying  the  strands  care  is  required  with  regaid 
to  the  angle  that  the  strands  take.  Should  the  tension  on  the  strands 
become  unequal ,  the  required  additional  twist  is  given  to  those  which 
have  got  slack  by  throwing  out  of  gear  those  hooks  of  the  npper  laying 
machine  to  which  the  tigMer  strands  are  attached,  and  allowing  the 
others  to  continue  revolving  until  all  the  strands  haye  again  become 
equally  strained.  As  the  formation  of  the  rope  proceeds,  the  lower 
laying  machine  is  gradually  drawn  up  the  walk  by  the  shortening  of 
the  strands  as  they  are  laid  together  into  the  rope ;  and  weights  called 
''  press  weights  **  are  placed  on  the  frame  of  the  machine  to  retard  its 
motion  and  hold  the  rope  tight  enough  during  the  laying.  Formed 
strands  of  180  fathoms  length  will  make  120  fathoms  of  hawser-hud 
rope ;  the  length  of  the  strands  will  be  determined  by  the  length  of 
rope  required. 

After  the  rope  is  taken  off  the  laying  machines,  it  is  coiled  on  to  ft 
drum  driven  by  steam  power,  being  guided  from  end  to  end  of  the 
drum  by  the  workman,  whose  hands  are  protected  by  a  piece  of  old 
cordage  twisted  on  the  rope  that  is  being  coiled ;  this  g^ves  a  polish 
and  finish  to  the  surface  of  the  rope. 

The  previous  description  has  referred  only  to  ropes  manu&ctored 
by  hand.  In  the  application  of  machinery  to  this  manufacture,  which 
is  next  to  be  considered,  Mr.  Cartwright  appears  to  have  invented 
the  first  rope  making  machine,  which  is  the  basis  of  others  since  con- 
structed, his  '^  Cordelier  '*  having  been  brought  out  in  1792.  Fig.  12, 
Plate  51,  shows  a  sketch  of  the  cordelier,  which  revolves  on  Oa 
horizontal  shaft  A,  the  laying  top  B  serving  as  the  bearing  at  one  end 
of  the  shaft,  having  holes  through  it  for  the  strands  to  pass  through. 
In  the  discs  C  C  fixed  on  the  shaft  A  are  centred  the  three  horizontal 
spool  frames  D,  carrying  the  spools  E  which  contain  the  three  strands 
to  be  laid  together.  As  the  cordelier  revolves,  the  axes  of  the 
spools  are  preserved  constantly  parallel  to  themselves  by  the  spool 
frames  D  being  made  to  rotate  on  their  bearings  onoe  for  every 
revolution  of  the  machine,  by  means  of  the  pinions  F  on  the  spool 
frame  bearings,  and  the  counter  wheels  G  gearing  into  the  central 
dead  wheel  H,  which  is  of  the  same  diameter  as  the  pinions  F  and  is 


BOPB  manufXotube.  183 

held  staiioiiaTj  while  the  shaft  A  revokes  within  it.  The  bearings  at 
the  other  end  of  the  spool  frames  D  are  hollow,  for  the  strands  to  pass 
through  to  the  laying  top  B.  The  strand  is  drawn  off  the  spool  by  the 
pair  of  delivering  rollers  I,  which  receive  motion  by  a  worm  wheel  J 
on  the  axis  of  one  of  them  gearing  into  the  worm  K  within  which  the 
spool  frame  revolves.  The  drawing  rollers  L  L  draw  the  finished  rope 
forwards  as  fast  as  it  is  made,  and  hold  it  from  taming. 

This  machinery  was  a  few  years  afterwards  improved  npon  by 
Capt.  Hnddart,  who  constmcted  machines  that  were  used  for  a  number 
of  years  at  the  Deptford  dockyard  for  spinning  the  yams  and  for  the 
mannfactore  of  ropes  and  cables ;  and  the  author  is  mainly  indebted 
for  the  following  particulars  of  the  constraction  of  this  machineiy  to 
a  description  and  drawings  given  in  the  Professional  Papers  of  the 
Royal  Engineers  by  Mr.  John  Miers. 

The  Spinning  Machine  for  converting  sliver  into  yam  is  shown  in 
Figs.  18  and  14,  Plate  52.  Fig.  13  is  a  portion  of  the  front  elevation 
of  the  machine,  showing  four  of  the  twelve  spinning  tubes  A  A ;  and 
Fig.  14  is  a  transverse  section.  The  sliver,  previously  formed  by 
another  machine,  is  contained  in  the  twelve  cans  B,  which  are  driven 
rather  faster  than  the  spinning  tubes  A  in  order  to  give  a  slight 
preparatory  twist  to  the  sliver.  The  spinning  tube  A,  shown  enlarged 
in  Figs.  15  and  16,  has  a  spring  clip  0  at  the  top,  which  grips  the 
thread  spun  from  the  sliver  and  twists  it  with  great  rapidity,  thus 
effecting  the  spinning.  The  thread  so  formed  is  then  subjected  to  a 
considerable  amount  of  tension  by  being  drawn  through  the  compressing 
jaws  D,  Figs.  15  and  17,  and  round  the  stretching  pulleys  E,  F,  and  G, 
Fig.  14,  the  last  of  which  is  a  double  pulley  with  two  grooves.  The 
thread  passes  first  over  the  pulley  E,  then  under  one  of  the  grooves  in 
the  pulley  6,  over  the  pulley  F,  and  again  over  the  second  groove  of 
the  pulley  G,  whence  it  passes  away  to  a  winding  dram  at  the  back  of 
the  machine.  The  main  driving  shaft  of  the  machine  is  driven  from 
the  engine  by  a  belt  over  the  fast  and  loose  pulleys  H.  There  are 
three  horizontal  winding  drums  behind  the  machine,  upon  which  the 
yams  are  wound,  each  dmm  taking  the  yams  from  four  of  the 
spinning  tubes :  the  yams  are  delivered  upon  the  drams  through  holes 
in  a  longitudinal  traversing  bar,  which  is  moved  endways  backwards 
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and  forwards  bj  a  nM^k  and  pinion  ao  aa  to  goide  Uie  yania  firam  and 
to  end  of  tke  dnuns  alternately. 

If  the  ropes  are  to  be  tarred  the  tar  is  applied  to  the  jazns  oa 
leaving  the  spinning  machine.  For  this  purpose  they  are  first  woond 
eff  from  the  dmm  behind  the  spinning  machine  upon  a  winder  called 
a  ^^whimwam",  made  of  »  light  open  frame  of  iron  and  wood 
revolving  on  a  horizontal  shaft.  The  loose  ends  of  the  four  jums 
on  the  drum  are  attached  to  a  hook  at  the  right  end  of  the  vinder, 
whicli  is  then  turned  by  a  winch  handle  to  wind  the  yams  on,  tlie 
yams  being  guided, on  from  end  to  end  by  a  traversing  plate  with  four 
holes  in  it  which  receives  the  required  traverse  motion  from  the  shaft 
of  the  winder.  On  reaching  the  left  end  of  the  winder  the  yams  are 
doubled  round  the  hook  at  that  end,  and  the  winch  is  then  tamed  in 
the  opposite  direction,  winding  the  yams  on  till  they  readi  the  right 
end,  where  they  are  similarly  doubled  round  the  hook  at  that  end,  and 
the  winding  is  then  again  reversed.  When  a  sufficient  quantiij  of 
yam  has  been  put  on  ihe  winder,  the  hook  at  one  end  is  taken  out  and 
the  yam  is  uncoiled  from  the  winder,  thus  forming  a  long  skdn  called 
a  ^^haul*',  which  is  then  coiled  upon  a  small  circular  revolving 
platform  called  a  ^'turntable",  about  4  feet  diameter,  mounted  on 
wheels.  The  haul  of  yams  is  then  taken  to  the  tarring  shed,  and 
uncoiled  from  the  turntable  into  a  cauldron  of  tar  heated  by  fire 
or  steam  ;  one  end  of  the  haul  is  lifted  from  the  tar,  and  by  means  of 
a  capstan  is  drawn  through  a  sliding  nipper  or  sqneezer  for  the 
purpose  of  squeezing  out  the  superfluous  tar  from  the  yams.  Afler 
the  haul  has  lain  for  some  time,  the  longer  the  better,  the  four  janu 
are  separated  and  wound  on  to  four  bobbins  by  the  winding  machina 
previously  described ;  and  are  then  passed  to  the  bobbin  frame  ready 
for  being  twisted  into  strands.  Cf4)t.  Huddart  did  not  make  the 
yams  into  a  haul  previous  to  tarring,  but  passed  them  from  bobtins 
direct  from  the  spinning  machine  through  the  tar  and  thence  througb 
nippers  to  the  register  plate  of  his  registering  machine  about  to 
be  described.  The  length  of  a  haul  is  55  fathoms ;  it  contains  aboot 
144  threads  and  takes  about  20  minutes  to  pass  through  the  squeeser 
from  the  tar  cauldron,  that  is  about  16  feet  in  a  minaie*  The  tar  used 
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should  be  the  best  Archangel  tar,  of  a  good  bright  colour,  and  heated 
to  a  temperature  of  212°  Fahr.  The  usual  proportion  of  tar  remaining 
in  the  yarns  is  from  one  quarter  to  one  fifth  of  the  weight  of  the  un tarred 
yarns.    The  yams  when  tarred  ought  to  be  of  a  bright  brown  colour. 

The  '^  Registering  '*  Machine,  sliown  in  plan  in  Fig.  18,  Plate  53, 
is  for  the  purpose  of  twisting  the  yarns  into  a  strand  and  winding  the 
strand  upon  a  drum  as  fast  as  it  is  formed.  The  whole  machine 
revokes  with  rapidity  on  the  horizontal  bearings  A  B,  being  connected 
with  the  driving  power  by  a  sliding  friction  clutch  at  B.  The  strand 
enters  through  the  hollow  bearing  A,  which  giips  it  tight  and  thus 
twists  the  yarns  into  the  strand  by  its  revolution.  The  strand  is 
drawn  in  by  the  pair  of  drawing  pulleys  C,  taking  half  a  turn  round 
each,  and  is  delivered  upon  the  winding  drum  D  by  the  guiding 
frame  £,  which  is  made  to  move  from  end  to  end  of  the  drum  by 
means  of  a  stud  on  the  frame  working  in  a  spiral  groove  cut  in 
the  barrel  F.  The  drawing  pulleys  C,  winding  dram  D,  and  grooved 
barrel  F  are  all  driven  from  the  spur  wheel  G  gearing  into  a  stationary 
pinion  fixed  to  the  plnmmer  block  in  which  the  bearing  A  revolves. 
As  each  successive  coil  of  strand  wound  on  the  drum  D  increases  its 
diameter,  whereby  an  increased  tension  would  be  thrown  on  the  strand, 
a  friction  clutch  is  inserted  at  H  in  the  intermediate  shaft  which 
communicates  the  driving  motion  from  the  drawing  pulleys  C  to  the 
winding  drum  D,  in  order  to  prevent  the  dnim  from  overwinding  the 
polleys,  the  friction  being  adjusted  to  the  exact  limit  of  tension 
desired  in  the  strand.  The  guiding  frame  £  which  delivers  the  strand 
from  end  to  end  of  the  winding  drum  vibrates  on  a  centre  at  I,  and  its 
rate  of  travel  is  varied  for  different  sizes  of  strand  by  changing 
the  worm  wheel  J  on  the  spindle  of  the  grooved  barrel  F;  the 
universal  joint  K  allows  of  the  driving  worm  being  set  at  different 
inclinations  for  gearing  into  a  larger  or  smaller  worm  wheel  J. 

The  strand  made  by  the  registering  machine  is  wound  off  the 
dram  D  on  to  a  loose  reel,  so  that  when  transferred  to  the  drum  of  the 
spool  frame  in  the  laying  machine  it  may  lie  the  same  way  end  for  end 
as  on  the  drum  D,in  which  state  it  is  ready  for  being  laid  into  a  rope. 
The  length  of  the  strand  is  measured  by  passing  it  over  a  pulley 
of  definite  diameter,   to  which  is  attached  a  counter  with  a  dial 
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indicating  the  nnmber  of  fathoms  of  strand  that  have  passed  over 
the  pulley. 

The  Rope  Laying  Machine  for  laying  the  hemp  strands  into  rope 
is  shown  in  Figs.  19  to  22,  Plates  54,  55,  and  56.    Fig.  19,  Plate  54, 
is  a  general  eleration;  Fig.  20,  Plate  55,  a  plan  at  the  top,  tnd 
Fig.  21  a  sectional  plan  through  the  spool  frames ;  Fig.  22,  Plate  56, 
is  a  side  elevation  of  one  of  the  spool  frames  to  a  larger  scale. 
The  three  spools  A,  Fig.  19,  Plate  54,  filled  with  strand  from  the 
registering  machine  last  described,  are  carried  in  the  yertical  spool 
frames  B,  which  are  centered  at  top  and  bottom  in  the  main  frame  C 
of  the  machine.     The  entire  machine  revolres  round  the  fixed  centre 
shaft,  and  is  driven  by  the  small  bevil  pinion  D  gearing  into  the 
wheel  E  at  the  bottom  of  the  main  frame  C.     The  spool  frames  B  are 
made  to  rotate  on  their  axes  during  the  revolution  of  the  machine  hj 
means  of  the  pinions  F  on  the  spool  frames  and  the  counter  wheels  G 
gearing  into  the  dead  wheel  H,  which  remains  stationary,  being  fixed 
on  the  centre  shaft  of  the  machine.     If  the  pinions  F  were  of  exactly 
the  same  diameter  as  the  dead  wheel  H,  the  spool  frames  would  malie 
exactly  one  rotation  on  their  axes  for  each  revolution  of  the  madune, 
and  the  spools  would  be  preserved  constantly  parallel  to  themselTes 
while  the  machine  revolved,  so  that  the  strands  would  be  laid  into 
the  rope  without  any  additional  twist  in  the  individual  strands.    Bat 
in  order  to  ensure  the  yams  in  each  strand  being  thoroughly  dosed 
upon  one  another,  a  slight  additional  twist  or  '^forehard*'  is  given 
to  each  strand  in  the  act  of  laying  it  into  the  rope,  by  making  the  spool 
frames  perform  rather  more  than  one  rotation  on  their  axes  for  each 
revolution  of  the  machine,  since  the  twist  of  the  yams  in  each  strand 
is  in  the  contrary  direction  to  the  twist  of  the  strands  in  the  rope. 
The  pinions  F  on  the  spool  frames  are  therefore  made  of  smaller 
diameter  than  the  dead  wheel  H  in  the  proportion  of  13  to  14. 
From  the  spools  A  the  strands  are  drawn  off  round  the  stretching 
pulleys  II,  as  shown  dotted  in  Fig.  22,   Plate  56,  which  are  driren 
by  bevil  gearing  and  pinions  J  from  a  dead  wheel  fixed  on  the  centre 
shaft  at  the  top  of  the  machine,  with  counter  wheels  and  pinions  K 
similar  to  those  at  the  bottom.     The  strand  is  pressed  tight  into  the 
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grooye  of  the  npper  stretclung  pulley  I  by  the  small  tightening 
palley  L,  Figs.  22  and  23.  The  spool  A  is  retarded  from  unwinding 
too  &fit  by  a  friction  break  which  is  adjusted  to  any  degree  of  tightness 
required.  The  strands  pass  up  through  the  hollow  bearings  at  the 
top  of  the  spool  frames  B  and  through  the  pinions  K,  and  are  curved 
over  the  oblique  guiding  rollers  M,  which  are  fixed  at  varying 
inclinations  in  order  to  prevent  the  strands  from  slipping  off.  The 
three  strands  then  unite  at  the  centre  and  are  laid  together  into 
the  rope  by  the  revolution  of  the  machine,  each  strand  being  laid  into 
the  rope  with  the  required  amount  of  ''forehard*'  by  the  simultaneous 
rotation  of  its  own  spool  frame  in  the  contrary  direction  to  the 
machine.  The  newly  made  rope  is  carried  upwards  to  another 
machine,  where  it  is  stretched  over  and  under  three  pulleys  driven  by 
steam  power  ;  and  as  it  passes  from  the  last  pulley  it  is  compressed 
by  a  roller  kept  against  the  rope  by  a  strong  steel  spring.  It  is 
afterwards  finally  coiled  away  in  a  warehouse; 

There  were  three  rope  laying  machines  at  Devonport  dockyard 
and  they  were  calculated  to  make  about  8000  tons  of  cordage  per  year 
of  313  days.  Of  this  amount  the  largest  machine  would  make  2000 
tons  of  cables  and  hawsers  of  large  size,  the  cables  ranging  from 
li  to  24  inches  girth  and  the  hawsers  from  7}  to  12  J  inches  girth  ; 
the  second  machine  of  intermediate  size  would  make  700  tons  of 
cable-laid  ropes  from  8  to  16  inches  .girth  and  hawsers  from  5}  to 
7)  inches  girth ;  and  the  smallest  machine  would  make  300  tons 
of  cablets  from  5}  to  7  J  inches  girth  and  shroud-laid  ropes  from  d| 
to  5  inches  girth.  The  average  cost  including  all  charges  of  the 
establishment,  engine  power,  repairs  of  machinery  &c.,  is  said  not  to 
have  exceeded  17«.  Ad,  per  ton  of  cordage  made,  when  the  whole 
machinery  was  employed  to  the  fullest  extent  of  its  capability ;  the 
oost  by  hand  at  the  same  period  being  stated  to  be  24^.  per  ton. 

The  Strength  of  hemp  rope  varies  considerably,  and  depends 
principally  on  the  quality  of  the  hemp  from  which  it  is  made,  the 
nmnber  of  yams  composing  the  strands,  and  the  manner  in  which  the 
ropes  are  laid.  The  average  strength  of  each  yam  in  hawser-laid  ropes 
is  found  to  be  greatest  with  the  smaller  sizes  of  ropes.     Bhroud-laid 
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rope  made  mth  four  Btrands  is  about  one  fifth  weaker  than  hawser-kid 
made  with  three  strands,  on  account  of  the  additional  twist  or  ''hud'* 
which  is  given  to  the  shroud-laid  ;  and  cable-kid  rope  is  abcmt  one 
third  weaker  than  hawser-laid  rope.  The  strength  of  ihea^  three 
different  lays  is  thei*efore  in  the  proportion  of  cable-laid  10,  sfaioad- 
laid  12,  and  hawser-laid  15.  The  relative  breaking  weights  of  ropes 
made  from  the  three  most  ordinarily  used  materials  are  stated  to  be 
as  follows  :  taking  the  breaking  weight  of  St.  Petersburg  hemp  rope 
at  100,  that  of  Italian  hemp  rope  is  107,  and  that  of  manilla  rope  73. 
Tarred  rope  is  weaker  than  un tarred,  other  drcumstanoes  being  the 
same  ;  for  the  quality  of  the  tar  seriously  affects  the  strength  of  the 
rope.  Hence  the  strongest  ropes  are  hawser-laid  or  three-strmd 
ropes  made  of  untarred  Italian  or  Russian  hemp. 

Wire  Rope, — The  second  branch  of  the  subject  of  the  present 
paper  is  the  manufacture  of  Iron  Wire  Rope,  which  although  at  first 
made  by  hand  is  now  made  exclusively  by  machinery ;  and  the  writer 
is  indebted  to  Mr.  Archibald  Smith  for  kindly  furnishing  the  infor- 
mation on  this  branch  of  the  subject. 

Wire  ropes  were  used  as  early  as  39  years  ago  for  the  supporting 
cables  of  a  suspension  bridge  at  Geneva  ;  and  also  for  the  Freiburg 
suspension  bridge  of  807  feet  clear  span,  erected  27  years  ago.  The 
wire  ropes  in  the  latter  case,  shown  in  Fig.  24,  Plate  57,  are 
constructed  of  twenty  bundles  or  strands  of  straight  iron  wire 
0*125  inch  diameter,  stretched  parallel,  forming  a  rope  5^  inches 
diameter,  and  bound  round  with  wire  at  2  feet  intervals. 

The  first  form  of  wire  rope  regularly  manufactured  was  nude 
about  27  years  ago,  and  was  known  as  ^'Selvagee",  shown  in 
Figs.  25  and  26,  Plate  57.  It  consisted  of  a  number  of  hard  or 
unannealed  wires,  of  about  12  to  16  wire-gauge  or  0*110  to  0065 
inch  diameter,  which  were  stretched  parallel  and  bound  together  by 
a  fine  wire  of  about  20  wire-gauge  or  0*036  inch  diameter,  wound 
spirally  around  ;  after  which  a  *'  parcelling^'  of  woollen  list  was  also 
wound  round  in  the  contrary  direction,  with  the  edges  lapped  so  u 
to  cover  the  wires  entirely  :  the  rope  was  completed  by  a  service  of 
tarred  yam  wound  on  in  the  contrary  direction  to  the  list.    The 
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method  of  making  the  rope  was  simply  to  warp  of  stretch  the  wires 
at  a  imiform  tension  oyer  two  hooks  set  at  the  distance  of  the  length 
of  rope  required  to  he  made,  passing  the  wires  hackwards  and  forwards 
orer  the  hooks  as  many  times  as  was  necessary  to  make  np  the  size 
required.  A  solution  of  india-rubber  boiled  down  in  linseed  oil  with 
a  mixtore  of  resin  and  tar  was  rubbed  carefully  into  the  body  of  the 
rope,  preyions  to  binding  up ;  and  after  the  binding  wire  had  been 
wound  on,  the  solution  was  again  applied  to  the  exterior  wires  to 
prevent  oxidation,  the  process  of  galvanising  being  unknown  or  not 
practised  at  that  time.  The  ''  parcelling ''  of  list  was  also  saturated 
with  the  solution,  the  yam  being  tarred  as  usual.  The  binding  and 
parcelling  were  always  done  by  hand,  before  the  rope  was  taken  off  the 
hooks ;  but  the  service  of  yam  was  usually  laid  on  by  a  machine  for 
that  purpose,  though  occasionally  also  by  hand.  The  method  of 
attaching  the  fittings,  such  as  shackles,  thimbles,  and  dead  eyes,  was 
either  by  forming  an  eye  during  the  process  of  warping  to  receive  them, 
or  by  inserting  the  end  of  the  rope  stripped  to  the  wires  into  a  conical 
socket  attached  to  the  shackle,  and  turning  back  the  ends  of  the  wires 
80  as  to  prevent  the  rope  being  drawn  out.  But  more  generally  the 
fittings  were  *^  turned  in",  that  is  the  end  of  the  rope  was  doubled 
round  and  '^  seized  "  or  bound  to  the  standing  part.  It  will  be  seen 
that  it  was  very  difficult  to  splice  this  form  of  rope,  owing  to  the 
absence  of  twist  or  *<  lay  ". 

Ropes  thus  made  were  exceedingly  rigid  and  non-elastic,  but 
possessed  greater  strength  than  any  other  construction ;  in  fact  the 
entire  strength  of  the  wire  was  preserved.  The  '< parcelling''  and 
''service"  added  to  the  size,  but  not  at  all  to  the  strength,  being 
intended  only  for  protecting  the  wires.  The  want  of  elasticity  and 
pliability,  together  with  the  difficulty  of  fitting  and  the  constant  wear 
of  the  ''service"  of  yam,  acted  somewhat  prejudicially  against  the 
introduetion  of  this  first  form  of  wire  rope  on  an  extensive  scale ;  yet 
it  was  used  in  the  royal  navy  and  mercantile  marine,  and  also  for 
suspension  and  tension  bridges :  for  the  latter  purpose  it  is  still  used, 
especially  in  CaUfomia,  where  a  large  number  of  wire  rope  suspension 
bridges  are  now  being  erected  to  replace  those  destroyed  by  the  late 
floods. 
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The  machinerj  for  making  these  '<  selyagee  "  ropes  consisted  simply 
of  the  two  hooks  over  which  the  wire  was  warped,  which  were  attached 
to  moyeable  posts  set  at  the  required  distance  asunder.  The  ''serving" 
machine  was  a  long  wood  trough  extending  nearly  the  entire  length  of 
the  rope  ground,  having  a  revolving  shaft  at  each  end  with  a  hook  at 
its  extremity,  and  carrying  a  fast  and  loose  pulley,  over  which  a 
driving  band  passed.  The  two  serving  hooks  were  driven  at  the  same 
speed  of  about  400  revolutions  per  minute :  and  the  shifting  forks  of 
the  driving  bands  were  connected  by  a  cord  extending  throughout  the 
length  of  the  ground,  so  that  the  workman  could  stop  or  start  the 
machine  at  any  part.  An  ordinary  serving  mallet  was  employed 
for  laying  on  the  yam,  and  was  guided  by  the  workman  who  also 
regulated  the  tension,  the  yam  being  supplied  from  reels  hnng 
overhead. 

The  next  description  of  wire  rope  was  kno?m  as  "  Formed"  rope, 
shown  in  Figs.  27  and  28,  Plate  57,  and  was  introduced  about 
25  years  ago.  It  consisted  of  a  number  of  soft  or  annealed  wires, 
usually  about  14  wire-gauge  or  0*085  inch  diameter,  ''formed"  or 
twisted  into  a  strand,  but  with  little  or  no  regard  to  regularity;  and 
four  of  these  strands  were  "  laid  **  into  a  rope,  though  this  number 
was  not  always  the  same.  The  number  of  wires  was  varied  according 
to  the  size  of  rope  required,  and  occasionally  the  size  of  wire  iras 
altered  to  suit  circumstances.  These  ropes  closely  resembled  ordinaiy 
hemp  ropes  in  appearance.  The  twist  caused  by  "forming"  the 
strands  remained  in  the  wire  as  a  permanent  set,  and  the  strands  were 
^'  laid  **  together  with  an  extra  amount  of  twist  or  "  forehard  "  in  each 
strand,  which  was  necessary  to  keep  the  rope  together.  Little  or  no 
injury  was  done  to  the  wire  by  this  process,  owing  to  its  being 
annealed,  and  also  from  the  length  of  the  twist  of  the  wires  in  each 
strand,  which  was  usually  about  12  inches  pitch ;  but  it  would  be 
almost  impossible  to  use  hard  wire  in  this  manner. 

The  "formed"  wire  ropes  possessed  great  pliability  and  some 
amount  of  elasticity;  they  were  readily  spliced  and  fitted,  like  ordinaiy 
ropes,  and  though  not  so  strong  as  the  "  selvagee  "  wire  ropes,  they 
possessed  many  advantages  and  were  more  easily  introduced.    Their 
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adoption  for  rigging,  incline,  and  traction  ropes,  became  extensiye ; 
and  this  constmction  was  the  first  wire  rope  nsed  on  the  Blackwall 
Railway.  The  small  size  and  soft  nature  of  the  wire  nsed  offered  little 
resistance  to  exterior  friction,  and  when  employed  as  incline  or 
numing  ropes  they  soon  flattened  and  wore  out.  The  irregularity 
wiih  which  the  wires  were  *'  formed  "  or  twisted  into  strands,  frequently 
crossing  and  recrossing  one  another,  and  the  great  difference  in  the 
length  of  the  wires  as  well  as  the  short  ''  lay "  of  the  ropes, 
amounting  to  only  4}  inches  pitch,  materially  assisted  to  destroy 
them.  Even  when  used  simply  as  standing  rigging,  the  wires 
frequentiy  broke,  and  the  broken  ends  stuck  outwards  to  the  danger 
of  the  sailors  handling  the  rigging ;  and  to  prevent  accidents  they 
were  served  with  yam,  like  the  '^  selvagee ''  rope,  after  having  been 
*^ wormed*',  that  is  having  a  yam  laid  in  between  each  strand  so 
as  to  alter  the  shape  to  a  round  form. 

The  ''formed'*  wire  ropes  were  originally  made  on  the  rope 
ground  by  the  forming  machine  usually  employed  in  hemp  rope 
making,  shown  in  Fig.  7,  Plate  48.  The  wires  were  wound  on 
bobbins  placed  in  racks,  just  like  the  hemp  yams,  and  were  led 
through  the  perforated  register  plate,  called  the  ''minor"  plate, 
thence  through  the  taper  steel  nipper  or  compressing  tube,  and  were 
attached  to  the  forming  machine,  which  drew  out  the  wires  and 
twisted  them  together  as  it  travelled  backwards  towards  the  other  end 
of  the  ground.  .Having  arrived  there  the  machine  was  stopped,  and 
the  length  of  strand  thus  made  was  wound  upon  a  large  reel,  ready  to 
be  placed  in  the  laying  machine ;  the  use  of  the  reel  also  enabled  a 
longer  length  of  strand  to  be  made  than  one  length  of  the  ground. 
For  laying  the  strands  into  rope,  the  required  number  of  reels  of 
strand,  generally  four,  were  placed  in  frames  mounted  on  horizontal 
bearings  and  geared  together.  The  strands  were  stretched  along  the 
rope  ground,  being  supported  and  separated  on  trestles  placed  at 
intervals;  and  were  brought  together  over  a  "laying  top"  at  the 
other  end  of  the  ground,  and  attached  to  a  revolving  hook.  Motion 
was  giv^n  to  the  machine  at  one  end  with  the  four  strand  reels,  and  to 
the  hook  at  the  other  end  in  the  opposite  direction,  by  means  of 
a  "fly  rope"  or  endless  driving  rope,  passing  over  whelp  wheels 
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attached  to  the  machine  and  the  hook ;  the  laying  top  was  carried 
by  a  workman,  who  thus  regulated  the  amonnt  of  lay  or  twist 
Afterwards  the  laying  top  was  mounted  on  a  carriage  which  travelled 
on  rails,  and  was  drawn  forwards  by  another  endless  rq)e,  called  the 
' '  ground  '*  rope,  which  was  worked  by  the  machine.  This  arraBgemeDt 
had  the  effect  of  more  effectually  regulating  the  lay.  "Fonned" 
wire  rope  is  now  made  in  the  ordinary  yertical  machine,  which  is 
supplied  with  extra  frames  for  carrying  a  large  number  of  bobbiofl; 
but  for  forming  the  strands  the  bobbin  frames  are  fixed  to  thefruneof 
the  machine,  and  not  revolving  in  it,  and  the  wires  are  brought  together 
through  a  perforated  plate  containing  the  required  nimiber  of  holes. 

'^Formed"  wire  ropes  were  at  first  well  saturated  with  the 
solution  before  described ;  but  afterwards  galvanised  wire  was  used 
for  making  them.  The  admiralty  still  continue  to  use  the  ^' formed" 
rope  entirely,  though  little  is  now  used  elsewhere.  <'  Formed"  ropes 
made  of  copper  wire  were  used  largely  in  the  navy  as  lightning 
conductors,  the  size  of  the  wire  being  about  No.  20  wire-gaage 
or  0*036  inch  diameter,  and  the  rope  was  made  of  four  strands  Isid 
round  a  small  copper  wire  core.  Smaller  ropes  composed  of  iroa  and 
copper  wire  were  also  used  as  sash  lines  &c. 

In  another  kind  of  wire  rope,  which  was  sometimes  made  on  the 
machinery  above  described  for  the  manufacture  of  ^'formed"  rope, 
the  strands  were  composed  of  hard  wires,  usually  not  exceeding  six  in 
number,  laid  around  a  core  of  hemp  or  wire ;  and  these  strands  were 
again  laid  around  a  hemp  core  into  a  rope.  But  the  objections  cansed 
by  the  rigidity  of  these  ropes  prevented  any  but  small  sizes  being  used 
for  some  years.  Ultimately  however  these  objections  were  oveioome, 
and  this  construction  has  now  almost  entirely  superseded  the 
"formed"  rope. 

The  first  Flat  wire  ropes,  made  26  years  ago,  shown  in  Figs.  29 
and  30,  Plate  57,  were  composed  of  from  dght  to  twelve  ^'fonned'* 
strands,  with  the  twist  alternately  right  and  left  handed,  made  of 
a  number  of  fine  wires  usually  about  18  or  20  wire-gauge  or  0-050  to 
0-036  inch  diameter.  These  strands  were  placed  in  the  position  of  the 
warp,  in  a  loom  of  the  ordinary  form  but  greater  strength,  and  were 
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woyen  together  with  a  shoot  of  strong  yam.  Very  little  twist  was  put 
into  the  strands,  as  the  yam  when  woven  in  kept  them  in  form. 
These  ropes  were  by  no  means  durable,  as  the  yam  soon  wore  ont, 
especially  at  the  edges ;  and  their  application  was  very  limited. 

Flat  wire  ropes  were  next  made,  about  25  years  ago,  of  four  or  six 
"formed  "  ropes,  each  made  of  four  strands  "laid''  rery  long,  and 
alternately  right  and  left  handed ;  these  were  stretched  together  side 
by  side  and  sewn  through  with  six  wires  of  No.  14  or  16  wire-gauge 
from  side  to  side  in  a  zigzag  direction,  as  shown  in  Figs.  31  and  82, 
Plate  57.  This  was  accomplished  by  carefully  inserting  a  needle 
of  dagger  shape  between  the  strands  of  the  ropes,  and  so  making 
a  passage  for  the  wires,  which  were  carefully  laid  side  by  side.  The 
round  ropes  thus  bound  together  resembled  the  ordinary  flat  hemp 
rope  in  appearance.  The  process  was  tedious,  on  account  of  the  care 
necessary  to  ayoid  penetrating  the  strands  with  the  needle,  which 
would  do  great  injury  to  the  rope.  It  was  also  important  that  the 
amount  of  '^  lay"  or  twist  in  all  the  ropes  composing  the  flat  rope 
should  be  exactly  the  same,  otherwise  the  stretching  could  not  be 
regular,  and  some  of  the  strands  were  liable  to  be  cut  when  the  rope 
was  set  to  work.  With  the  machinery  previously  described  perfect 
regularity  could  not  be  attained  in  this  respect,  and  an  unsatisfactory 
result  was  the  consequence. 

The  next  and  last  constraction  of  wire  rope,  introduced  about 
24  years  ago,  is  known  as  ''  Laid  "  rope,  shown  in  Figs.  88  and  84, 
Plate  57,  in  which  the  strands  were  made  of  a  few  wires,  seldom 
exceeding  six,  ^'  laid  "  around  a  core  of  hemp  or  wire,  the  wires  of  the 
strand  being  entirely  free  from  twist,  each  wire  being  simply  <'  laid '' 
in  a  spiral  form  without  any  twist  in  the  wire  itself,  as  shown  in  the 
diagram.  Figs.  85  and  86,  Plate  58.  Six  of  these  strands  were  again 
"laid"  without  '*  forehard"  or  additional  twist  into  a  rope,  around  a 
core  generally  of  hemp.  The  size  of  wire  usually  varied  with  the  size  of 
the  rope,  as  the  total  number  of  wires  86  was  seldom  varied.  The 
wire  was  hard  or  nnannealed ;  and  by  the  system  adopted  in  making, 
a  uniform  length  was  obtained  with  entire  absence  of  twist.  By  this 
means  the  full  strength  of  the  wire  was  retained,  and  consequently  the 
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rope  produced  was  mach  stronger  for  the  same  weight.  An  increue 
in  size  is  however  cliused  by  the  introduction  of  the  hemp  cores,  vhich 
amount  to  l-7th  of  the  entire  bulk  in  the  case  of  ropes  with  six 
strands  of  six  wires  each,  the  construction  now  usually  adopted. 

These  ^^laid"  wire  ropes,  though  not  so  pliable  or  strong  as 
'^  formed  "  ropes,  possess  many  advantages,  especially  when  employed 
as  incline  ropes,  the  hardness  and  increased  size  of  the  wire  giving 
greatly  increased  durability ;  and  as  the  prejudice  against  wire  ropes 
had  been  partially  removed  by  the  introduction  of  the  '*  formed" 
ropes,  the  present  'Maid"  ropes  soon  began  to  be  extensiyely  used; 
and  within  the  last  few  years,  since  the  expiration  of  many  patents 
formerly  existing,  the  manufacture  has  increased  to  a  remarkable 
extent.  Wire  strand  has  lately  come  into  extensive  use  for  fencings 
very  large  quantities  being  exported  for  that  purpose  for  the  Indian 
railways. 

Flat  wire  ropes  also  are  now  made  with  strands  composed  of  hard 
wires  <*laid"  together,  instead  of  '* formed"  as  previously,  these 
strands  being  again  <'  laid  "  into  ropes  without  any  '<  forehard^'  or 
additional  twist,  and  the  ropes  are  then  stitched  together  as  previooslj 
described.  Lately  instead  of  several  wires  laid  side  by  side  being 
used  for  stitching,  three  or  four  strands  have  been  substituted,  each 
strand  containing  three  wires  laid  together ;  the  advantage  of  which 
is  that  though  several  of  the  single  wires  may  be  worn  through,  the 
strand  still  holds  the  rope  together ;  yet  in  neatness  of  appearance  the 
single  wires  have  the  preference. 

The  machinery  used  in  the  manufacture  of  '*  laid'*  strands  and 
ropes  originally  consisted  of  the  ordinary  machinery  used  on  rope 
grounds  for  laying  or  closing  hemp  ropes,  the  machines  at  each  end  of 
the  factory  being  speeded  alike,  as  previously  described. 

The  next  form  of  machine  adopted  had  simply  one  hook,  moimted 
in  bearings  on  a  fixed  frame,  and  driven  by  hand  or  power,  to  which 
all  the  wires  composing  the  strands  were  attached;  these  were 
stretched  along  the  ground,  supported  at  intervisils  on  trestles,  till 
they  reached  the  oth^r  end,  where  they  were  hooked  on  to  sfrivels  or 
^Mopers".     Attached  to  the  lopers  were  cords  passing  over  polleTS 
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and  haying  weights  suspended  from  them,  so  as  to  regulate  the  tension 
of  each  wire  and  also  allow  for  the  shrinkage  of  the  rope  in  the  process 
of  making.  When  the  hook  was  set  in  motion,  the  twist  in  each  wire 
trayersed  the  entire  length  of  the  wire,  and  escaped  at  the  end 
by  means  of  the  "  loper  *'  or  swivel.  A  perforated  plate  or  **  laying 
top"  was  nsed,  carried  hj  a  workman  along  the  ground,  regulating 
the  amount  of  *May  "  or  twist. 

The  next  machine  used,  shown  in  Fig.  40,  Plate  59,  was  a 
modification  of  Huddart^s  hemp  rope  laying  machine,  previously 
described  and  shown  in  Fig.  19,  Plate  54.  In  these  machines  the 
operation  went  on  continuously  until  the  required  length  of  strand  or 
rope  was  made,  giving  rise  to  the  name  of  '*  endless  "  machines;  they 
were  also  called  <<  vertical'*  machines,  hecause  the  main  frame 
carrying  the  spools  revolves  on  a  vertical  axis.  The  first  modification 
of  this  machine  for  making  wire  ropes  consisted  in  altering  the 
gearing  for  working  the  spool  frames  £,  so  that  no  additional  twist  or 
"  forehard  "  was  put  in  the  wires  as  in  the  strands  of  hemp  ropes,  the 
pinions  on  the  spool  frames  being  now  made  of  exactly  the  same 
diameter  as  the  central  dead  wheel,  as  shown  in  the  diagram.  Fig.  38, 
Plate  58,  causing  the  spool  frames  to  make  exactly  one  rotation  on 
their  axes  for  each  revolution  of  the  machine.  Machines  of  this  descrip- 
tion were  also  made  to  work  on  a  horizontal  axis  instead  of  a  vertical 
one;  and  a  balance  weight  was  sometimes  attached  to  each  spool 
frame  in  the  horizontal  machines,  which  by  its  gravity  prevented  the 
spool  from  twisting  the  wire  and  rendered  gearing  unnecessary  for  the 
purpose ;  but  the  speed  of  these  machines  was  limited  in  consequence. 

The  next  form  of  machine,  was  that  known  as  a  ^'compound" 
machine,  for  producing  the  entire  rope  finished  at  one  operation  ;  and 
may  be  described  as  consisting  of  six  stranding  machines,  like  that  last 
described,  all  mounted  on  one  large  frame  and  revolving  horizontally, 
the  necessary  motion  being  given  to  the  machinery  to  lay  the  wires 
into  strands  and  then  the  strands  into  rope,  without  producing  any 
twist  in  the  individual  wires.  This  machine,  though  a  mechanical 
success,  was  a  commercial  failure,  and  was  soon  abandoned  for  the 
simpler  and  cheaper  plan  of  first  making  the  strands  and  then  laying 
them  into  ropes  on  separate  machines. 

c  2 
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Next  some  modification  was  made  in  tbe  vertical  machines,  sbo^ 
in  Fig.  40,  Plate  59,  in  the  means  of  preventing  twist  of  the  wires 
dnring  the  laying,  by  employing  a  qentre  crank  or  eccentric  and  four 
outer  cranks  on  the  spool  frames  B,  as  shown  in  Fig.  40,  and 
in  the  diagram  Fig.  37,  Plate  58 ;  and  also  by  sabstitating  chain 
wheels  and  {>itch  chain,  as  ^hown  in  the  diagram  Fig.  39,  Plate  58. 
Machines  were  constructed  with  36  spools  on  the  revolving  frame, 
connected  by  cranks  to  the  centre  crank ;  and  ropes  were  thus  made 
with  that  or  any  smaller  number  of  untwisted  wires  in  each  strand ; 
but  this  description  of  rope  was  rarely  used. 

In  all  the  vertical  and  horizontal  endless  machines  that  have  now 
been  described,  all  the  spools  were  mounted  in  one  set  on  a  single 
large  revolving  table,  thus  revolving  all  in  one  plane  ;  and  during  the 
process  of  laying,  the  whole  weight  of  the  material  had  to  be  carried 
round  a  circular  track  varying  with  the  size  of  the  machine  from 
10  to  40  feet,  one  revolution  being. necessary  for  every  lay  put  into  the 
strand  or  rope,  the  lay  varying  from  1  inch  to  18  inches  or  more  in 
pitch,  according  to  the  size  of  rope.  Machines  of  this  construction 
were  therefore  necessarily  limited  in  their  speed.  Lately  however 
machines  have  been  constructed  with  the  spools  arranged  in  two  sets 
of  three  each,  on  two  tables  one  below  or  behind  the  other,  the  spools 
thus  revolving  in  two  planes  ;  whereby  a  somewhat  increased  speed 
was  attained,  as  the  diameter  of  the  revolving  tables  was  reduced. 
Yet  still, the  spool  frames  had  to  be  carried  round  the  common  centre 
and  caused  to  rotate  on  their  own  centres  once  for  every  lay. 

The  method  of  joining  the  lengths  of  wires  was  in  the  first  instance 
by  twisting  the  ends  together  :  afterwards,  in  the  manufacture  of 
<*  laid"  strands,  by  **  tucking",  that  is  cutting  out  the  hemp  core 
about  12  inches  from  the  end  of  the  wire  that  has  run  out,  and 
inserting  in  its  place  the  end  of  the  new  length  of  wire ;  the  rest  of  the 
wires  are  then  **  laid  "  up  on  the  new  wire  as  a  core  for  a  length 
of  6  inches,  when  the  new  wire  is  brought  oat  into  its  right  place  and 
the  remaining  6  inches  of  the  old  wire  passed  in  as  the  core,  on  which 
the  laying  is  again  continaed  till  the  end  of  the  wire  is  reached ;  the 
proper  hemp  core  is  then  replaced,  and  the  process  of  laying  resumed 
as  before.     Some  manufacturers  prefer  to  braze  or  weld  the  ends  of 
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the  wires  together  for  joining  the  lengths,  wire  as  small  as  No.  16  wire- 
gange  or  0*065  inch  diameter  being  welded  by  experienced  workmen 
by  means  of  a  common  portable  forge. 

An  improved  construction  of  wire  rope  machine  has  subsequently 
been  introduced,  in  which  the  bobbin  frames  and  bobbins  are  placed 
one  behind  another,all  in  the  axis  of  the  revolving  frame,  and  remain 
stationary  in  that  position  while  the  fi*ame  alone  is  made  to  revolve. 
By  this  machine  a  greatly  increased  speed  is  attained,  and  it  is 
considered  that  better  work  is  produced.  The  rate  of  production  is 
also  much  increased,  as  much  as  10,000  yards  of  strand  having  been 
made  per  day  of  ten  hours,  instead  of  only  ^2500  yards,  the  usual 
amount  made  by  the  ordinary  form  of  machine. 

This  machine,  the  invention  of  Mr.  Archibald  Smith  of  London,  is 
shown  in  Figs.  41  to  44,  Plates  60,  61,  and  62.  Fig.  41,  Plate  60, 
is  a  general  side  elevation  of  the  entire  l^igth  of  the  machine. 
Fig.  42,  Plate  61,  is  a  side  elevation  of  one  portion  or  compartment 
of  the  machine,  to  a  larger  scale  and  partly  in  section.  Fig.  43, 
Plate  62,  is  a  transverse  section,  and  Fig.  44  an  end  elevation  at  the 
front  end  of  the  machine. 

The  bobbins  A  A,  Fig.  41,  Plate  60,  are  here  all  arranged  in  a 
horizontal  line  one  behind  another,  in  the  axis  of  the  revolving  frame 
of  the  machine.  The  revolving  frame  is  composed  of  a  number  of  disc 
wheels  C  C,  framed  together  by  three  long  bolts  D,  Figs.  42  and  43, 
passing  through  holes  near  the  edges  of  the  discs  and  through  strong 
iron  distance  tubes  with  collars  at  each  end,  which  are  all  turned 
accurately  to  one  length.  Eight  discs  C  C,  Fig.  41,  are  thus  framed 
together  by  the  three  bolts,  and  separated  by  the  distance  tubes, 
forming  seven  compartments  of  the  machine,  each  containing  a  bobbin 
of  wire  A.  The  last  disc  at  the  back  end  of  the  machine  forms  part 
of  a  three- speed  cone  pulley  £,  by  which  the  entire  frame  is  made  to 
revolve,  being  supported  and  steadied  sideways  at  every  alternate  disc 
by  the  three  rollers  F,  Fig.  43.  The  bobbin  frames  £  B  are  centred 
in  the  revolving  discs  C,  and  have  a  weight  G  suspended  from  their 
underside,  sufficient  to  overcome  the  friction  of  the  bearings  and 
prevent  the  bobbin  frames  from  revolving  with  the  machine. 
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The  front  end  of  each  bobbin  frame  B,  Fig.  42,  Plate  61,  has  i 
hollow  steel  stud  or  '^nipple"  I,  carefrillj  bell-mouthed;  and  tii« 
back  end  has  a  solid  stud  H.  Each  stnd  works  in  a  boss  cast  on  the 
disc  C,  having  a  dear  hole  right  through  the  centre  for  the  win 
to  pass  through ;  and  the  boss  on  the  front  side  of  the  disc  has  a 
large  gap  J,  for  the  wire  to  pass  ont  from  the  centre.  The  wire  from 
each  bobbin  A,  shown  by  the  strong  black  line,  is  drawn  off  throng^ 
the  bell-mouthed  stud  I  and  the  centre  of  the  disc  C,  and  is  then  tak^ 
ronnd  the  leading  pulley  E,  Figs.  42  and  43,  which  is  fixed  on  tii€ 
framing  bolt  D  for  the  purpose  of  enabling  the  wire  to  clear  the  bobbin 
in  the  next  compartment*  The  wires  pass  through  holes  in  the 
discs  C  on  either  side  of  the  framing  bolts  D,  as  seen  in  Fig.  43 ;  and 
on  reaching  the  front  compartment  of  the  machine,  all  the  six  wires 
from  the  six  bobbins  A,  Fig.  41,  are  led  round  three  pairs  of  leading 
pulleys  E,  and  thence  through  the  holes  in  the  front  disc,  Fig.  44, 
through  the  laying  plate  L,  Fig.  41,  and  over  the  laying  top  M.  The 
laying  plate  L  is  attached  to  the  front  disc  of  the  machine,  and  has  a 
slot  in  it  for  each  wire  to  pass  through.  The  laying  top  M  fixed 
in  front  of  the  laying  plate  is  simply  a  cast  iron  block  with  the  reqaired 
number  of  scores  or  grooves  for  the  wires.  The  front  bobbin  N,  Fig.  41, 
in  the  first  compartment  of  the  machine,  carries  a  seventh  wire  to  form 
the  core  for  the  six  external  wires,  which  is  led  off  through  the  centre  of 
the  front  disc  and  through  a  hole  in  the  centre  of  the  laying  plate  L  and 
laying  top  M.  The  tension  or  "  temper  "  of  each  of  the  seven  wires 
is  regulated  to  the  exact  amount  required  by  a  friction  break  0  on  the 
spindle  of  each  bobbin.  Fig.  43,  Plate  62.  The  bearings  of  the 
spindle  in  the  bobbin  frame  B  are  provided  with  spring  caps,  to 
facilitate  changing  the  bobbins. 

The  six  wires  are  all  brought  together  at  a  point  immediately 
in  front  of  the  laying  top  M,  Fig.  41,  Plate  60,  where  they  are  all 
laid  round  the  core  by  the  revolution  of  the  machine,  the  bobbins  A 
remaining  stationary  with  the  exception  of  their  unwinding  motion  as 
the  wires  are  drawn  off;  each  wire'  is  thus  laid  into  the  strand  free 
from  twist  in  itself.  The  strand  thus  made  passes  between  the  nipping 
rollers  P,  Fig.  44,  which  have  a  series  of  scores  of  different  diameters 
to  suit  various  sizes  of  strand  or  rope ;  the  lower  roller  turns  on 


ROPE   MANtJFAGTURB.  199 

a  fixed  stud,  and  the  upper  one  on  a  weighted  lerer.  The  strand  is 
then  led  half  ronnd  the  indicator  sheave  R,  Fig.  41,  which  has  a 
ooonter  attached  to  indicate  the  nnmher  of  yards  or  fathoms  made. 
Thence  it  passes  backwards  alongside  the  machine  to  the  draw-o£f 
wheels  8  8  at  the  back  end ;  these  are  V  grooved  wheels  of  equal 
diameter,  round  which  the  strand  passes  in  a  figure  of  8  course,  as  seen 
in  Fig.  41,  being  pressed  tight  into  the  groove  of  the  second  wheel  by 
the  tightening  roller  or  jockey  wheel  T,  which  prevents  the  strand  from 
^slipping  from  any  accidental  cause.  The  draw- off  wheels  8  are  driven 
from  the  driving  pulley  E  by  intermediate  bevil  gearing,  with  a  change 
wheel  by  which  the  speed  of  the  draw- off  wheels  is  regulated  in 
proportion  to  the  speed  of  revolution  of  the  machine,  whereby  the  lay 
of  the  wires  or  pitch  of  the  spiral  in  the  strand  is  determined.  The 
strand  finally  leaving  the  machine  from  the  draw-off  wheels  is  wound 
on  a  bobbin,  ready  to  be  placed  in  a  second  similar  machine  to  be  laid 
into  rope.  In  this  second  machine  the  revolution  of  the  laying 
apparatus  is  in  the  opposite  direction  while  that  of  the  draw-off  wheels 
is  in  the  same  direction  as  in  the  first  machine,  in  order  to  make  the 
lay  of  the  strands  in  the  rope  contrary  to  that  of  the  wires  in  each 
strand.  From  the  second  machine  the  rope  is  coiled  on  a  reel,  or  in 
case  of  its  being  a  long  length  it  is  sometimes  coiled  down  direct  into 
railway  trucks  &c.  for  transportation. 

In  this  machine,  instead  of  the  bobbins  and  bobbin  frames,  which 
sometimes  contain  half  a  ton  weight  each,  being  carried  round  the 
common  centre  of  the  machine,  sometimes  describing  a  circle  of  15  feet 
diameter,  and  also  rotating  on  the  axes  of  the  bobbin  frames  once  for 
every  lay  in  the  rope,  the  same  result  is  attained  without  any  motion 
being  given  to  the  bobbin  frames.  This  is  an  important  advantage, 
because  in  course  of  working  some  of  the  bobbins  are  full  while  others  are 
nearly  empty,  and  in  the  case  of  the  old  machinery  a  great  strain  is  thereby 
thrown  on  the  parts  of  the  machine  from  the  variation  in  weight ; 
while  in  the  construction  just  described  the  equilibrium  of  the  machine 
is  never  disturbed.  In  addition  to  this,  great  regularity  of  lay  results 
from  the  wire  being  free  to  unwind,  and  from  the  absence  of  the  extra 
tension  that  was  necessary  to  prevent  the  wire  being  disturbed  when 
rapidly  carried  round  in  the  old  machine.     The  stationary  position  of 


200  ROPE   MANUFAOTURB. 

the  bobbins  enables  the  workman  to  see  what  is  going  on,  and  no 
entanglement  of  the  wire  takes  place  as  is  frequently  the  case  in  other 
machines. 

Abont  85,000  miles  of  the  covering  strands  of  the  Atlantic 
telegraph  cable  were  made  in  this  machine;  and  likewise  aboat 
14,000  miles  of  the  hemp-covered  strands  of  the  Toulon  and  Algiers 
cable.     It  is  also  extensively  used  in  the  manufacture  of  wire  ropes. 

Steel  wires  are  now  extensively  used  in  the  manufacture  of  wire 
ropes,  being  found  to  possess  twice  the  strength  of  the  best  diarcoal 
iron  wire;  while  the  skin  of  the  wire  is  of  such  remarkable  hardness  as 
to  resist  a  very  great  amount  of  friction,  and  the  wire  has  a  toughness 
equal  to  that  of  copper.  .  A  compound  hemp  rope  is  also  now  made  by 
inserting  a  wire  in  the  centre  of  each  yam,  and  making  these  yams  up 
as  an  ordinary  hemp  rope. 


A  number  of  specimens  of  hemp  and  wire  ropes  were  exhibited, 
illustrating  the  several  constructions  described  in  the  paper ;  and  also 
working  models  of  some  of  the  rope  making  machines,  lent  for  the 
occasion  from  the  South  Kensington  Museum.  A  working  model  was 
also  exhibited  and  shown  in  action  of  Smith's  wire  rope  macbine 
described  in  the  paper. 

Mr.  Shellet  thought  it  was  highly  important  that  the  reasons 
should  be  ascertained  which  led  to  hand  making  being  reverted  to  in 
the  manufacture  of  hemp  ropes,  in  place  of  the  beautiful  macbineiy 
invented  for  the  purpose  by  Gapt.  Huddart  and  used  for  some  time  in 
Deptford  dockyard ;  he  had  been  unable  himself  to  ascertain  why  the 
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machinery  had  been  given  up,  or  what  were  the  exact  defects  experienced 
with  it.  The  basis  of  all  the  machines,  both  for  hemp  and  wire  ropes, 
seemed  to  be'  Mr.  Gartwright's  cordelier  invented  at  the  end  of  the 
last  century. 

Mr.  B.  FoTHEROiLL  believed  that  one  reason  of  the  want  of  success 

of  the  machines  for  the  manufacture  of  hemp  ropes  was  a  defect  in  the 

preparation  of  the  material  by  the  machinery,  which  did  not  produce 

a  uniform  thickness  of  thread ;  and  the  want  of  uniformity  of  thread 

resulted  in  unevenness  of   the  strands  made  from  the  yams,   and 

consequent  unevenness  in  the  ropes  themselves.     Also  wherever  there 

was  a  small  part  in  the  thread,  the  twist  all  ran  into  that  particular 

place,  and  the  thicker  parts  of  the  thread  did  not  get  twisted  enough  ; 

80  that  when  a  strain  came  upon  the  rope,  the  thicker  parts  of  the 

threads  gave  way  and  were  drawn  out  and  the  strain  was  all  left  to 

be  borne  by  the  smaller  parts,  and  breakage  was  the    consequence. 

Another  defect  in  the  machines  was  that  no  provision  was  made  for 

laying  exactly  the  same  length  of  yam  upon  each  bobbin  :  this  might 

readily  be  done  by  a  measuring  apparatus  such  as  was  ordinarily 

applied  in  cotton  machinery,  and  then  the  bobbins  would  all  be  empty 

at  the  same  time,  and  there  would  not  be  a  heavy  full  bobbin  on  one 

side  of  the  revolving  frame  of  the  machine  and  a  light  empty  one  on 

the  other.     In  some  hemp  rope  machines  also  there  had  been  ^  defect 

in  the  an:angement  for  giving  uniform  motion  to  the  twisting  of  the 

different  strands  when  they  were  being  laid  into  the  rope.    He  thought 

the  paper  that  had  been  read  was  one  of  a  very  interesting  and 

instractive  character :  with  regard  to  the  manufacture  of  wire  rope,  he 

believed  the  hand  method  which  formed  the  basis  of  the  manufacture 

had  its  origin  in  the  Hartz  mountains. 

Mr.  A.  Smith  remarked  that  in  wire  rope  machines  the  inequality 
of  weight  arising  from  full  and  empty  bobbins  on  opposite  sides  of  the 
stranding  machines  was  inevitable  in  the  previous  constractions  of 
machines ;  for  the  wire  was  necessarily  supplied  to  the  machines  in 
bobbins  which  would  not  contain  the  whole  length  of  wire  required 
for  the  entire  strand,  and  it  would  be  very  unwise  to  let  all  the  bobbins 
empty  at  once  and  all  the  joints  come  at  one  part  of  the  strand,  llie 
bobbins  tiierefore  inevitably  emptied  at  different  times  in  the  stranding 
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machines ;  bat  in  the  rope  madiines  they  all  emptied  eimaltaneoosly, 
sinoe  each  bobbin  contained  the  exact  length  of  strand  required  for 
the  whole  length  of  rope. 

Mr.  Bhbllkt  enqaired  whether  the  defects  that  had  been  mentioned 
in  the  mannfactnre  of  hemp  ropes  had  been  overcome  in  the  machine 
shown  in  the  American  department  of  the  Exhibition,  where  the  yarns 
were  taken  in  at  one  end  and  twisted  into  strands,  and  the  stnndi 
were  then  laid  into  a  rope  which  came  out  at  the  other  end  of  the 
machine.  This  machine  was  now  at  work,  making  ropes  of  half  an 
inch  diameter. 

Mr.  B.  FoTHBBOiLL  said  the  defects  he  had  mentioned  were  not 
entirely  overcome  in  the  machine  referred  to ;  bat  the  main  defects 
lay  in  the  preparation  of  the  material  before  it  was  span  into  yams. 
In  the  treatment  of  flax  or  cotton  the  raw  material  was  first  got  into 
a  slivered  form,  and  was  then  passed  throagh  a  series  of  rollers, 
taking  care  not  to  destroy  the  fibres,  bat  to  draw  and  lay  them 
parallel  side  by  side ;  and  in  order  to  get  uniformity  of  thread  in 
spinning,  the  fibres  so  drawn  oat  were  then  doubled  again  and  again 
as  many  as  twelve  or  thirteen  times  in  the  case  of  fine  coiUm  spinning. 
Withont  this  doubling  it  was  impossible  to  obt-ain  uniformity  in  the 
thread,  and  the  defect  that  he  had  referred  to  in  the  manufacture  of 
the  threads  for  hemp  ropes  arose  from  the  want  of  a  sufficient  nmnber 
of  doi\blings,  so  that  in  spinning  the  yarns  there  was  a,  want  of 
uniformity  in  the  thickness  ;  and  in  forming  the  strands  these 
yams  were  only  congregated  together,  whether  thick  or  thin,  in  a 
sufficient  number  for  the  required  size  of  strand.  The  only  approach 
to  doubling  was  the  twisting  together  of  the  yarns  into  the  stzand; 
but  the  doubling  ought  to  take  place  in  the  raw  material,  so  as  to 
secure  a  uniform  thickness  of  thread,  and  then  the  ropes  would  no 
doubt  stand  a  much  greater  tension. 

Mr.  F.  J.  Braicwbll  remarked  that  in  1853  he  had  seen  some 
hemp  rope  machinery  at  the  Boston  dockyard  in  America,  where  there 
was  an  arrangement  in  the  preparing  machine  to  equalise  the  amount 
of  material  taken  in,  by  producing  a  retardation  to  prevent  thick  parts 
occurring  in  the  thread ;  this  was  found  to  work  well,  and  he  had 
thought  the  difficalty  on  that  score  had  been  thereby  overcome. 
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Mr.  J.  Flbtohbb  obseryed  that  he  had  lately  seen  some  new 
machmery  which  was  now  being  tried  at  Chatham  dockyard  for  the 
purpose  of  ascertaining  the  difference  of  strength  and  pliability  between 
band  and  machine-made  rope,  made  from  the  same  hemp:  and  he 
nnderstood  the  resnlt  already  arrived  at  was  that  the  maohine-made 
rope  was  superior  to  the  hand-made.  In  the  manufacture  of  the 
machine-made  rope  the  doubling  system  was  adopted:  six  sliyers 
of  hemp  were  passed  together  through  rollers,  and  two  of  these 
rollings  were  twisted  together  and  spun  into  one  small  thread,  and  a 
atrand  was  composed  of  a  number  of  these  threads  twisted  together.  . 

The  Chaibvak  enquired  whether  the  comparison  of  the  hand  and 
machine-made  ropes  was  made  weight  for  weight :  and  ialso  what  was 
the  relative  quantity  of  tar  that  was  held  by  each  construction  of 
rope. 

Mr.  J,  Flbtohbb  replied  that  the  comparison  of  the  ropes  was 
made  weight  for  weight  and  girth  for  girth  ;  but  the  ropes  were  dry 
and  no  tar  was  used  in  them.  He  was  not  able  to  state  the  exact 
results  arrived  at  with  regard  to  the  superiority  of  the  machine-made 
ropes,  but  understood  the  general  result  was  decidedly  in  their 
favour. 

Hr.  P.  Haqoib  remarked  that  he  had  found  in  the  manufacture  of 
hemp  ropes  that  in  the  preparation  of  the  hemp  the  less  it  was  passed 
through  the  rollers  and  doubled  the  better,  if  only  the  fibres  were  got 
something  like  straight  and  parallel :  for  after  about  the  third  time  of 
doubling  and  passing  through  the  rolling  machine  the  gummy  part  of 
the  fibre  seemed  to  be  destroyed  by  further  manipulation,  and  although 
the  fibres  might  be  got  more  parallel,  the  yam  spun  from  the  hemp 
was  not  so  strong  as  when  the  hemp  underwent  less  preparation. 
At  his  own  works  they  had  experimented  a  good  deal  upon  the 
difference  between  hand  work  and  machine  work,  and  found  that 
machine-made  rope  was  about  25  per  cent,  stronger  than  hand-made 
rope  of  the  same  girth.  The  government  test  for  yam  was  8  stone 
or  1  cwt.  for  a  single  yam  of  the  common  size  No.  18 ;  but  out  of 
the  same  hemp  machine-made  yam  of  the  same  size  would  bear  from 
12  to  18  stone ;  and  he  hoped  they  woid4  ultimately  be  able  to  ensure, 
a  definite  strength  in  all  ropes  of  a  given  size  and  material.     In 
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collieiieBy  ^riiero  qiaohiDery  had  often  to  be  lowesed  iato  the  pito  and 
men'#  lives  were  dependent  csi  the  strength  of  the  rope,  it  vis 
pmrticnlarly  important  to  be  able  to  rely  on  a  ceitam  definite  stueBgA 
throQgboiit  the  entire  rope. 

Mr.  B.  FoTSBBOiLL  observed  that,  with  r^ard  to  the  prepaialiai 
of  the  hemp  fibres,  the  donbling  of  the  material  was  pei^ps  a  poiii; 
of  lees  importance  ihan  that  care  should  be  taken  to  avoid  bseakiBg 
the  fibres  in  the  process  of  laying  them  side  by  side :  if  the  doid)liag 
were  too  frequent  or  if  the.senreral  pairs  of  rollers  nere  not  at  the 
right  distance  apart  from  one  another,  i^e  fibre  wonU  be  broken. 
Ihe  importance  of  treating  the  fibre  in  the  right  waof  to  begin  with 
might  be  understood  from  the  fact  that  Heilmann^s  combing  madnBe, 
-which  combed  the  fibres  and  laid  tham  parallel  withooi  breakiBg  iheni, 
had  in  the  course  of  only  five  or  six  years  become  extensively  vpjp&td 
to  cotton,  wool,  and  flax ;  and  in  the  case  dFicotton  n  better  yam  was 
produced  by  the  use  of  this  maddne  out  of  fiotton  thai  wm  6dL  or  74. 
per  lb.  cheaper  than  .that  required  under  the  old  method  'of  csrdbti^ 
A  series  of  these  machines  also  selected  the  fibros  aeoordfa^  to  their 
length,  and  he  had  known  as  many  as  fourteen  different  lengths  of 
fibres  got  out  of  one  sample  of  material;  of  these  the  longertoonld 
then  be  taken  for  the  best  class  of  work,  aiid  the  diocter  lengiUis  for 
inferior  work.  If  care  were  taken  that  the  fibres  thus  oombed  and 
laid  parallel  should  not  be  broken  in  the  after  treataokent  of  die 
materiali  »)  as  to  maintain  their  length  and  unifonnity,  the  yams 
spun  from  such  a  sliver  would  be  five  or  six  times  as  strong  as  tmder 
the  old  mode  of  preparing  the  £bres. 

ISx.  S.  A.  OowFBB  remaiked  that  at  FartsnMmth  dockyaiid  whioh 
he  had  lately  visited  scarcely  any  machinery  was  used  for  rope  flvddag, 
steam  power  beii^  employed  only  to  turn  the  spiikdles  .of  the  or4infO 
hand  machines.  There  npfieared  to  be  a  s&^ung  ^n^oAm  agMst 
machine-made  hemp  rc^e,  which  was  seaid  to  be  defident  in  jAvsog^- 
He  was  glad  to  learn  however  that  at  Chatham  atttmtion  was  now 
■  being  paid  to  the  subject,  for  he  was  satisfied  ^at  hemp  ropes  conhi  ba 
thoroaghly  well  made  by  madiinery,  and  that  more  strength  conld  be 
got'With  hemp  rope  properly  made  by  machi&eiy  than  witfi  haadnPtde 
irope  of  the  same  siae. 


The  CbairxAn  enqiiired  wbai  Ivm  ihe  reason  wkj  dipt.  Huddart*^ 
Bachineiy  was  discarded  at  the  doekjard^  if  other  manufaotarera 
liad  found  the  machine-made  ropes  eonld  be  made  so  snperior  to  hand 
woik ;'  and  whether  the  maehiniory  was  atiU  in  tse  at  anj^  other  of  the 
dodTards. 

Mr.  E.  A.  OowPBR  replied  thai  Oapt.  Hoddart's  machinery  wad 
used  for  upwards  of  forty  yeaib  at  the  Deptford  dockyard^  but  at  the 
end  of  that  tiine  the  government  pulled  it  down  and  it  was  bonght  by 
Hnddari's  firm^  and  it  was  not  now  need  in  any  of  the  government 
dockyvds  :  bat  he  had  not  been  able  to  ascertain  the  reason  why  it 
mis  );iven  npi  thflre^  when  the  nse  of  maohineiry  had  been  found  so 
adfatsgeons  elsewhere.  -        . 

Mr.  P.'  HAooti  said  that  some  yei^  ago  his  vroito  were  visited 
bf  some  government  offieisls  f<»  the  pitrpose  of  testing  sotte  govern*' 
Bent  hand-made  ropes  with  his  miacfaiiiery ;  and  ho  hid  since  learnt 
that  they  found  the  mamifactnre  of  the  hemp  ropes  as  carried  on  by 
machineiy  at  the  wori^s  was  much  superior  to  the  old  plan  of  hand 
wcA  in  the  government  yards ;  but  there  the  matter  was  allowed  to 
drop,  and  the  questioh  had  been  shelved  ever  since.  Widi  regard  tp 
the  plan  of  repeated  rolling  with  a  succession  of  rollers  in  preparing 
the  hemp  for  spinning,  he  believed  that  method  would  not  apply  to 
lobg  fibrea  such  as  those  of  hemp,  the  ordinary  length  (rf  which  was 
from  5  to  6  feet,  and  therefore  there  was  no  other  way  of  dealing, 
nitk  the  hemp  but  that  which  they  adopted  of  getting  the  fibres 
as  nearly  straight  as  possible,  with  the  least  possible  drawing,  so  aa 
to  get  the  greatest  amouilt  of  strength  out  of  the  hemp. 

Mr.  £.  A.  CowPBB  observed  that  in  passing  the  hemp  throagl^ 
tiie  cbtwingf  rollers  the  distance  between  the  successive  pairs  of  rollers 
ttost  of  course  be  arranged  according  to  the  length  of  the  fibres,  in 
order  that  the  fibres  might  not  be  broken  in  the  machine ;  and  the 
sam^  piecatttioa  had  to  be  observed,  whatever  was  the  material 
undergoing  preparation. 

Mr.  F.  Jevkis  remarked  that  in  the  new  horisontal  wire  top^ 
machine  now  described  the  wire  appeared  to  tmdergo  a  considerable 
smonnt  of  biding  in  its  course  from  the  bobbin  to  the  laying  plate, 
^ech  wire  being  bent  on  all  sides  successively  during  each  revolution  of 
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the  machine  in  passing  throngh  the  hollow  nipple  in  the  centre  of 
the  reyolving  disc,  hecoming  thns  crimped  into  a  wary  fonn  with  a 
length  of  waye  corresponding  to  the  length  of  laj  of  the  strand.  This 
might  not  he  of  any  importance  in  the  case  of  small  wires,  bat  in 
large  wires  he  thonght  it  wonld  be  a  serions  defect  to  bend  the  wire 
in  this  manner ;  and  he  enquired  whether  any  of  the  machines  had  been 
applied  to  laying  large  wire  into  strands. 

Mr.  A.  Smith  explained  that  the  bending  of  the  wire  previoos  to 
its  arriyal  at  the  point  of  laying  was  not  peculiar  to  the  new  madiine, 
bnt  was  common  to  the  preyious  vertical  machines  also :  it  was  onlj 
more  apparent  in  the  horizontal  machine,  becatise  the  length  of  the 
machine  was  there  so  great  that  it  was  desirable  to  shorten  it  as  much 
as  practicable  by  increasing  the  angle  of  bending.  Bnt  so  long  as  the 
bending  of  the  wire  between  the  bobbin  and  the  point  of  laying  was 
less  than  the  bending  it  received  in  being  laid  into  the  strand,  no 
harm  was  done,  whether  the  wire  were  thick  or  thin :  had  it  been  of 
importance  to  avoid  bending  the  wire  more  than  neoessaiy,  the  machine 
might  have  been  lengthened  to  the  required  extent  for  the  pnipose. 
The  new  machine  had  been  applied  to  large  wire  as  thick  as  No.  4 
wire-gauge  or  0*240  inch  thick,  withoht  any  injury  to  the  wire ;  and 
it  had  been  adopted  and  successfully  employed  by  Messrs.  Glass 
Elliot  and  Co.,  for  laying  on  the  covering  wires  for  protecting  the 
shore  ends  of  telegraph  cables. 

Mr.  T.  Snowdok  asked  whether  the  wire  was  bent  so  much  as  to 
cause  it  to  scale. 

Mr.  A.  Smith  replied  that  it  was  never  bent  to  such  an  extent  as 
to  throw  off  a  scale. 

Mr.  J.  Flbtohbb  remarked  that  no  harm  could  be  done  to  the 
wire  if  the  bending  in  the  machine  were  less  than  that  which  it  had 
upon  the  bobbin. 

Mr.  P.  Haooie  obseryed  that  the  strength  of  steel  wire  had  been 
stated  in  the  paper  to  be  twice  that  of  the  best  charcoal  iron  wire,  bat 
his  own  experience  was  that  the  best  steel  wire  was  only  50  per  cent 
stronger  than  charcoal  iron  wire,  while  the  common  run  of  steel  irire 
was  not  more  than  10  per  cent,  stronger  than  iron,  and  some  steel 
wire  was  not  even  equal  in  strength  to  iron.     It  was  also  a  question 
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of  great  importsnoe  how  to  prevent  steel  wire  as  well  as  iron  wire 
from  becoming  brittle  in  work :  the  wire  seemed  to  change  its  character 
and  become  crystallised  by  the  Motion  the  rope  was  exposed  to  in 
passing  oyer  a  series  of  pulleys,  and  in  a  few  months'  time  the  rope 
became  qnite  brittle.  The  process  of  crystallisation  was  slower  in 
iron  wire  than  in  snch  steel  wire  as  had  hitherto  been  made  for  the 
pmpose  of  wire  ropes. 

The  Chairman  enqmred  what  had  been  found  to  be  the  actual 
strength  of  ropes  made  of  charcoal  iron  wire. 

Mr.  P.  Haggib  replied  that  he  had  lately  tested  an  iron  wire  rope 
of  about  1-^  inch  diameter,  which  had  been  in  use  three  months,  and 
it  bore  18}  tons  before  breaking;  it  was  a  ''formed"  rope  of  six 
strands,  each  strand  being  ''  formed ''  of  19  wires  twisted  together,  of 
No.  16  wire-gauge  or  0*065  inch  thickness,  so  that  the  whole  rope 
contained  114  wires  or  0*378  square  inch  section  .of  iron,  giving  a 
breaking  strength  of  50  tons  per  square  inch.  This  rope  had  been 
damaged  by  an  accident,  and  was  tested  for  the  purpose  of  ascertaining 
its  strength  in  the  uninjured  part. 

Mr.  Shbllbt  asked  what  size  of  hemp  rope  would  be  required  to 
bear  the  same  weight  as  the  wire  rope,  and  what  would  be  the  respectiye 
weights  of  the  two  ropes. 

Mr.  P.  Haogib  replied  that  an  8  inch  hemp  rope  would  be  required 
to  bear  the  same  load  of  18|  tons  before  breaking,  that  is  a  hemp 
rope  of  8  inches  circumference  or  rather  more  than  2}  inches  diameter, 
or  else  a  flat  hemp  rope  4||  inches  broad  composed  of  four  smaller 
ropes :  the  last  hemp  rope  that  he  tested  of  about  that  size,  S^  inchea 
divnmference,  broke  at  28  tons,  but  that  was  an  extreme  case.  The 
weight  of  the  hemp  rope  was  about  1|  times  that  of  the  wire  rope  of 
the  same  total  strength ;  for  the  8  inch  hemp  rope  weighed  16  lbs. 
per  &thom,  while  the  wire  rope  was  10  lbs.  per  fathom. 

Mr.  A.  SxiTH  said  that  as  regarded  the  relative  strength  of  steel 
and  iron  wire  the  statement  in  the  paper  was  founded  upon  a  number 
of  experiments  that  he  had  witnessed,  from  which  it  appeared  that 
500  lbs.  was  a  very  fair  breaking  test  for  charcoal  iron  wire  of  No.  14 
wire-gauge  or  0*085  inch  thickness,  amounting  to  40  tons  per  square 
inch  section  of  metal ;  while  he  had  seen  steel  wires  of  the  same  gauge. 
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of  »  siiperior  nuuiatetate,  bear  1000  and  e^eii  1100  lbs.,  or  80  to  90 
to&s  per  square  inch.  He  thooghi  it  was  generally  admitted  ihti 
ordinarj  steel  wire  made  for  wire  ropes  would  bear  nearij  dooUe  die 
ftndB.  of  iron  wire  ol  the  same  gauge,  the  generally  reoeiTed  proportioB 
being  7  to  4.  Fowler's  steam  ploi^h  afforded  a  good  instsnes  ia 
wliick  fine  ste^  wire  ropes  were  need  with  advantage,  from  their 
superior  strength  and  lightness  as  compared  with  iron  wire  ropes :  aad 
be  had  also  heard  of  a  yaloable  application  of  steel  wire  rope  in  Fnmoe 
for  transmitting  power  to  half  a  mile  <fistance;  in  this  case  the  iqws 
titfed  were  Tery  light,  only  aboat  6-l6th8  or  d-8theindi  diameter,  ind 
were  driven  at  a  reiy  high  Telocity. 

Mr.  £.  A.  OowpsE  obserred  that  some  experiments  which  he  had 
made  on  the  strength  of  Webster  and  Horsfall's  hard  ateel  mnsie 
wire  gave  the  ordinazy  breaking  strength  at  about  85  tons  per  sqnsn 
indi.  In  one  case  of  very  hard  wire  the  bredcing  weight  was  hma^ 
to  be  as  high  as  180  tons  per  square  inch,  but  this  wire  was  ratiier 
too  hard  for  use* 

Mr.  P.  Haooib  said  the  highest  result  he  had  obtained  with  steel 
wire  rope  was  in  a  rope  of  3}  inches  girth  which  he  had  just  tested, 
made  of  the  best  quality  of  wire,  whidi  broke  at  d5|  tons ;  while  uL 
iron  wire  rope  of  the  same  size  would  break  at  about  22}  tons.  But 
this  seemed  an  eXGq>tional  case,  for  in  other  steel  wire  ropes  which  he 
had  tried  of  the  same  size  the  highest  breaking  strain  was  <mly 
22)  tons :  and  he  had  found  a  single  bundle  of  steel  wire  contain  so 
many  varieties  of  temper  that  the  objections  against  the  use  of  steel 
wire  ropes  appeared  more  serious  than  those  whidi  had  been  uiged 
against  machine*Biade  hemp  ropes  from  irregularity  in  the  spinniiig 
of  the  yarns. 

The  Ghaibxar  enquired  What  would  he  the  strength  of  a  hem^ 
rope  of  the  same  size,  and  what  was  the  relative  durability  and  cost  of 
hemp  and  wire  ropes  of  the  same  strength. 

Mr.  P.  Haooib  replied  that  a  hemp  rope  of  8)  inches  girth  would 
not  bear  more  than  about  8)  or  4  tons.  But  in  c(»nparing  hemp  and 
wire  ropes  of  the  same  strength  he  believed  that  if  the  same  attention 
were  bestowed  upon  the  hemp  rope  as  upon  a  wire  rope  the  hemp  topi 
would  be  found  more  economical  in  durability  as  well  as  in  first  cost, 
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provided  the  depth  of  the  pit  were  not  extreme.  Beyond  a  certain 
limit  indeed  a  hemp  rope  nsed  for  winding  in  a  pit  wonld  kill  itself; 
that  is  the  great  weight  of  the  rope  itself  hanging  down  the  pit  and 
the  consequent  continued  stretching  every  time  it  was  lowered  would 
erentoally  cause  it  to  become  almost  rotten,  and  it  would  then  give 
iray. 

The  Chaibxan  hoped  Mr.  Haggle  would  give  the  results  of  his 
experiments  on  the  strength  of  hemp  and  wire  ropes  in  the  form  of  a 
paper  at  a  future  meeting  of  the  Institution.  He  proposed  a  vote  of 
thanks,  which  was  passed,  to  Mr.  Bhelley  and  also  to  Mr.  Smith,  for 
the  information  communicated  in  the  paper  that  had  been  read,  and 
the  numerous  interesting  models  and  spedmens  by  which  it  was 
illustrated. 


■*.••■ 


The  Meeting  was  then  adjourned  to  the  following  day.  In  the 
afternoon  the  Members  visited  the  Government  Small  Arms  Factory 
at  Enfield. 
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The  Adjourned  Mbbtihg  of  the  Members  was  hdd  in  the  I^etore 
Theatre  of  the  Royal  Institation,  Albemarle  Street,  London,  on 
Thursday,  8rd  Jnly,  1862 ;  8ir  William  G.  AnMSTBOVO,  IVeddeat, 
in  the  Chair. 

The  following  paper,  oommnnicated  through  Mr.  Oharlefl  P.  B. 
Shelley  of  London,  was  read : — 
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ON  THE  CONSTRUCTION  OF 
SUBMARINE   TELEGRAPH    CABLES. 


Bt  Mr.  FLEBMING  JBNEIN,  OF  LoKDON. 


The  Submarine  Telegraph  Cables  that  are  now  in  successful 
operation  are  nearly  all  of  one  general  construction ;  and  this 
description  of  cable  will  be  first  referred  to  in  the  present  paper. 
The  only  essential  parts  of  a  submarine  telegraph  cable  are :  first,  a 
conductor  along  which  the  electricity  may  flow  from  one  station  to 
another;  and  second,  an  insulator  surrounding  the  conductor  and 
separating  it  entirely  from  the  sea.  In  the  common  cable  a  wire  or 
strand  of  copper  forms  the  conductor,  which  is  covered  and  insulated 
by  gutta-percha.  This  core  of  gutta-percha  covered  wire  is  served 
with  tarred  yam,  round  which  a  greater  or  less  number  of  iron  wires 
are  laid  spirally,  to  afford  longitudinal  strength  and  lateral  protection. 

A  cable  of  this  class  is  shown  in  Figs.  1,  2,  and  8,  Plate  63, 
which  represent  the  Malta  and  Alexandria  telegraph  cable,  laid 
in  1861,  drawn  double  full  size:  the  copper  conducting  core  A,  Fig,  3, 
is  shown  black  in  section,  and  is  surrounded  by  three  coatings  of  the 
insulating  gutta-percha  B.  Copper  is  used  for  the  conductor  because 
it  resists  the  passage  of  electricity  less  than  any  other  available  metal, 
whereby  a  greater  number  of  words  per  minute  can  in  a  submarine 
cable  be  sent  through  a  copper  wire  than  through  an  iron  or  steel 
conducting  wire  of  the  same  dimensions  and  placed  in  the  same 
drcumstances.  Different  specimens  of  copper  vary  greatly  in  their 
resistance ;  some  commercial  copper  has  in  this  respect  only  14  per 
cent,  of  the  value  of  chemically  pure  copper,  or  is  86  per  cent,  inferior 
to  the  latter,  which  however  cannot  be  practically  obtained  in 
commerce.  The  course  followed  by  the  principal  manufacturers  ot 
telegraph  cables  is  to  select  by  an  electrical  test  the  wire  best  suited 
to  their  purpose;  and  this  wire  is  about  20  per  cent,  inferior  in 
conducting  power  to  pure  copper. 

K   2 


212  SUBMARINE   TELEGRAPH    CABLES. 

A  solid  wire  would  be  preferable  electrically  to  a  strand,  for  the 
same  reason  that  copper  of  small  electrical  resistance  is  preferable  to 
copper  of  high  resistance,  the  object  being  in  all  cases  to  obtain 
the  greatest  conducting  power  within  a  given  circumference.  The 
interstices  in  the  strand  diminish  the  conducting  power  for  a  given 
size,  and  the  gntta-percha  sheath  must  be  of  proportionately  larger 
diameter  to  give  the  same  speed  of  transmission  and  the  same 
insulation  as  when  a  solid  core  of  equal  weight  is  used.  When  large 
conductors  are  required  however  a  solid  wire  is  not  found  flexible 
enough ;  and  moreover  a  single  copper  wire  is  found  liable  to  break 
inside  the  gutta-percha,  without  any  external  symptom  of  injury  being 
seen:  for  these  reasons  a  strand  is  almost  universally  adopted  for 
large  cores. 

In  the  cables  first  made,  the  interstices  between  the  wires  of  the 
strand  were  left  vacant;  but  it  was  found  that  under  continued 
pressure  the  water  invariably  penetrated  into  these  vacant  spaces  and 
percolated  along  them.  This  was  thought  dangerous  for  various 
reasons,  and  therefore  the  Gutta-Percha  Company  now  lay  up  their 
strand  in  an  insulating  compound  called  *'  Chatterton's  compound,'* 
consisting  of  gutta-percha  and  resinous  substances,  which  so  conipletelj 
fills  the  spaces  that  a  pressure  of  600  lbs.  per  square  inch  cannot  force 
a  single  drop  of  water  six  inches  along  the  finished  core :  other  makers 
have  adopted  the  same  plan.  The  cables  shown  in  Figs.  1, 2,  and  12, 
Plates  63  and  G6,  have  this  compound  between  the  wires  of  the  strand; 
while  the  Red  Sea  cable.  Fig.  7,  Plate  64,  and  several  earlier  cables 
are  without  it. 

In  reference  to  the  electrical  conditions  determining  the  best 
dimensions  of  the  conductor  and  its  insulator,  it  is  sufficient  here  to 
observe,  first,  that'  for  every  given  ratio  between  the  cost  of  the 
materials  of  the  insulator  and  of  the  conductor  there  exists  a  corre- 
sponding ratio  between  the  diameters  of  the  conductor  and  insulator 
which  will  give  the  maximum  efficiency  at  a  minimum  cost;  and 
practically  the  thickness  of  the  gutta-percha  is  almost  always  in 
excess  of  this  theoretical  thickness.  Secondly,  if  a  constant  ratio  is 
maintained  between  the  diameters  of  the  conductor  and  insulator,  the 
number  of  words  per  minute  which  can  be  sent  through  a  given  length 
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of  core  is  simply  proportional  to  the  quantity  of  the  materials  nsed ; 
80  that  a  core  to  transmit  twenty  words  per  minute  will  weigh  four 
times  as  much  and  cost  about  four  times  as  much  as  a  core  to  transmit 
only  ^re  words  per  minute. 

The  manufacture  of  the  copper  conducting  strand  is  extremely 
simple.  Owing  to  the  soft  nature  of  the  metal,  it  seems  to  be  of 
little  importance  whether  the  wire  is  twisted  in  making  the  strand  or 
Bot ;  although  in  the  outer  iron  sheathing  of  the  cable  it  is  of  special 
importance  for  the  wires  to  be  **  laid ''  without  twist.  In  the  diagram^ 
Fig.  18,  Plate  67,  is  shown  a  simple  form  of  strand  machine,  and  the 
twist  of  the  wires  is  shown  by  the  direction  of  the  arrows  upon  the 
four  bobbins.  A  friction  break  restrains  the  movement  of  each 
bobbin,  and  is  adjusted  by  hand  until  the  spinner  feels  that  the 
tension  of  each  wire  is  equal.  The  drums  of  the  bobbins  are  made  large 
in  proportion  to  their  total  diameter  when  fall  of  wire,  so  that  the 
leverage  of  the  break  does  not  vary  rapidly  during  the  unwinding  of 
the  wire.  It  is  important  that  every  wire  of  the  strand  should  be  put 
in  with  a  constant  and  equal  strain,  otherwise  one  wire  will  sometimes 
rack  np  during  the  subsequent  covering  process,  and  knuckle  through 
the  insulating  covering.  Each  length  of  wire  is  soldered  to  the  next 
length,  so  that  there  may  be  no  loose  ends  which  might  come  through 
the  gutta-percha.  Where  one  piece  of  strand  is  joined  to  the  next, 
a  scarf  joint  is  made,  lapped  round  with  binding  wire  and  neatly 
soldered. 

In  covering  the  strand  the  gutta-percha  is  applied  in  a  plastic 
state,  in  successive  coatings  over  the  strand,  which  is  for  this  purpose 
drawn  through  a  series  of  dies,  each  one  in  succession  larger  than  the 
preceding.  Between  the  several  layers  of  gutta-percha  a  coating  of 
Chatterton's  compound  is  laid  on  in  the  Malta  and  Alexandria  and 
other  cables,  as  indicated  by  the  strong  black  lines  in  Figs.  1,  2,  7,  8, 
9,  10,  and  12,  Plates  63  to  66 ;  but  the  Atlantic  cable,  Fig.  6,  and 
the  other  cables  shown  in  Figs.  4,  5,  11,  and  13,  are  represented  with 
a  solid  covering  of  gutta-percha,  because  no  Chatterton^s  compound 
was  here  used  between  the  several  layers  of  gutta-percha.  The  Red 
8ea  cable.  Fig.   7,  Plate   64,  and   several   earlier  cables  had  the 
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compound  between  the  coats  of  gatta-percha,  thongfa  not  between  the 
wires  of  the  copper  strand  ;  the  latest  cables  have  both. 

When  india-rubber  is  employed  as  the  covering  it  is  applied  in 
strips  wound  spirally  round  the  strand  in  most  cases  ;  but  it  is  put  on 
longitudinally  in  the  plan  invented  by  Mr.  Siemens,  and  described  at 
a  former  meeting  (see  Proceedings  Inst.  M.  E.,  1860,  page  137). 
Solvents  were  at  one  time  used  to  joint  the  strips  of  india-rubber,  bat 
they  are  now  generally  cemented  into  a  solid  mass  by  heat  applied  in 
various  ways.  But  in  Mr.  Siemens'  plan  the  simple  contact  under 
pressure  of  freshly  cut  surfaces  of  india-rubber  is  said  to  be  sufficient 
to  join  the  longitudinal  strips  without  the  use  of  extra  heat  or 
solvents. 

The  question  of  the  relative  merits  of  the  two  materials,  gutta- 
percha and  india-rubber,  for  the  covering  of  telegraph  cables,  is 
one  of  much  practical  interest.  Gutta-percha  sometimes  contains 
impurities,  and  air  bubbles  were  at  one  time  not  uncommon  in  the 
covering  with  that  material ;  these  air  bubbles  and  impurities  become 
serious  faults  under  the  action  of  powerful  electric  currents.  Gutta- 
percha becomes  plastic  at  about  100^  Fahr.,  and  the  copper  vire 
sometimes  forces  its  way  through  the  insulating  sheath  when  the 
gutta-percha  is  accidentally  softened  by  heat;  moreover  joints 
unskilfully  made  are  liable  to  decay  in  time.  On  the  other  hand 
the  merits  of  gutta-percha  are  very  great.  Not  a  single  yard  of 
submerged  gutta-percha  has  ever  decayed  ;  and  the  importance  of  this 
fact  after  the  experience  of  many  years  on  some  thousands  of  miles  of 
wire  can  hardly  be  over-estimated.  No  gutta-percha  cable  has  erer 
failed  except  from  local  imperfection  or  accidental  injury ;  two  causes 
of  failure  to  which  all  known  materials  must  be  subject.  The 
insulating  properties  of  gutta-percha  as  now  supplied  are  extremdj 
good.  No  known  material  insulates  perfectly ;  but  if  2000  miles  of 
the  same  gutta-percha  covered  core  that  was  supplied*  for  the  Malta 
and  Alexandria  cable,  perhaps  the  best  yet  constructed,  were  laid  saj 
across  the  Atlantic  ocean,  and  were  maintained  at  the  very  improbable 
and  disadvantageous  temperature  of  75^  Fahr.,  the  current  receired 
through  that  cable  would  amount  to  97|  per  cent,  of  the  current 
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which  would  be  received  through  a  cable  with  absolutely  perfect 
insulation.  Roughly  speaking  it  may  he  said  therefore  that  the 
insulation  of  that  cable  was  for  a  length  of  2000  miles  within  24  per 
cent,  of  perfection.  Further  improvements  in  insulation  may  be 
effected,  but  they  are  really  of  no  practical  importance,  since  they  can 
only  affect  the  very  trifling  difference  between  absolute  perfection  and 
the  high  degree  of  insulation  already  attained :  and  in  the  author's 
opinion  no  increased  cost  would  be  justified  for  obtaining  any  further 
increase  in  the  insulation  of  the  wire.  Bound  gutta-percha  covered 
wire  may  therefore  be  considered  practically  perfect  in  insulation,  and 
well  made  joints  are  as  good  as  any  other  part  of  the  core. 

It  may  be  remarked  here  that  the  word  ^'  insulation  *'  has 
frequently  been  used  in  a  double  sense:  first,  as  implying  freedom 
from  mechanical  defect  or  impurity ;  and  secondly,  as  implying 
electrical  resistance.  Consequently  some  statements  that  are  true 
when  the  word  is  used  in  one  sense  have  been  incorrectly  applied 
with  the  word  in  the  other  sense,  causing  some  confusion  in  the 
comparisons  of  gutta-percha  and  india-rubber.  Thus  the  circumstance 
that  india-rubber  is  a  better  insulator  in  consequence  of  having  a 
higher  electrical  resistance  than  gutta-percha  has  in  mistake  been 
incorrectly  taken  to  mean  that  india-rubber  is  the  better  material  for 
covering  telegraph  cables;  whereas  the  words  '^ better  insulator** 
imply  properly  in  this  case  a  superiority  in  the  one  respect  of 
non-conducting  power  alone,  and  not  a  general  superiority  in  all 
respects. 

The  defects  of  india-fubber  differ  with  different  makes:  some 
kinds  are  liable  to  turn  into  a  treacly  substance  on  the  outer  surface 
and  next  to  the  copper ;  others  are  liable  to  little  cracks  or  fissures 
which  appear  only  after  the  cable  has  been  manufactured  for  some 
time ;  and  other  kinds  turn  slimy  in  water,  arising  it  is  said  from  a 
considerable  absorption  of  water.  The  cause  of  these  defects  does  not 
seem  well  understood,  and  various  reasons  have  been  assigned  by 
'  different  makers :  such  as  injury  of  the  india-rubber  from  heat  applied 
to  make  the  joint,  or  injury  from  the  strain  put  on  the  india-rubber 
strips  as  they  are  wound  on ;  defective  structure  arising  in  the 
preliminary  mastication  of  the  material  in  its  preparation ;  or  some 
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injurioas  effect  of  the  contact  with  the  copper.  Exposure  to  light 
and  air  is  also  generally  allowed  to  be  injarious ;  but  in  the  antbor's 
opinion  the  real  causes  of  failure  in  india-rubber  covered  cables  must 
bo  considered  not  yet  satisfactorily  ascertained.  One  defect  is  common 
to  all  forms  of  india-rubber  covering,  namely  the  necessary  difficolty 
of  making  the  continuous  joint  which  is  required  along  the  whole 
wire ;  and  another  defect  common  to  all  forms  of  non-vulcanised  indift- 
Tubber  is  the  liability  to  injury  from  grease  or  oil.  The  latter  danger 
is  of  the  most  insidious  kind,  for  the  injury  is  not  immediately 
apparent,  but  requires  a  long  time  for  its  full  development. 

The  merits  of  india-rubber  however  are  not  to  be  passed  OTer 
lightly,  and  if  they  do  not  justify  its  general  adoption  as  yet,  thej 
certainly  entitle  it  to  all  the  attention  it  has  received  for  the 
manufacture  of  telegraph  cables.  When  properly  prepared  it  is  an 
excellent  insulator  in  the  limited  electrical  sense  of  the  word ;  whether 
better  or  worse  than  the  present  gutta-percha  does  not  much  matter, 
as  has  been  shown  above.  It  maintains  its  insulation  better  at  high 
temperatures  than  gutta-percha,*  and  will  bear  a  higher  temperatore 
without  permanent  injury ;  it  has  also  been  thought  by  some  less 
liable  to  mechanical  injury  than  gutta-percha.  But  by  far  the  most 
important  point  claimed  in  its  favour  is  that  a  greater  number  of 
words  per  minute  can  be  transmitted  through  a  _wire  covered  with 
india-rubber  than  through  the  same  wire  covered  with  the  same 
quantity  of  gutta-percha  of  the  usual  quality.  There  is  reason  to 
believe  that  in  this  respect  india-rubber  is  twice  as  good  as  any 
gutta-percha  hitherto  practically  *  supplied  for  cables ;  but  a  few 
specimens  of  gutta-percha  have  certainly  been  manufactured  which 
even  in  this  respect  are  on  a  par  with  the  best  makes  of  india-mbber. 
An  endeavour  has  been  made  by  Mr.  Siemens  to  obviate  the  defects 
and  retain  some  of  the  advantages  of  india-rubber  by  protecting  it 
inside  with  Chatterton*s  compound  and  outside  with  gutta-percha. 
The  core  of  Mr.  Siemens'  cable,  shown  in  Fig.  16,  Plate  67,  is 
covered  in  this  manner,  E  being  the  india-rubber  covering,  with  a 
coating  of  gutta-percha  B  outside,  and  a  layer  of  Chatterton^s 
compound  F  inside,  covering  the  wire  strand  A :  in  this  case  the 
copper  strand  is  made  up  more  nearly  to  a  circular  form  by  the 
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addition  of  six  small  wires  placed  in  the  grooves  between  the  six 
external  wires  of  the  strand,  as  shown  in  the  enlarged  section  of  the 
core,  Fig.  17,  drawn  six  times  full  size. 

The  main  practical  question  still  is,  which  material  offers  the  best 
chance  of  permanency  ;  and  at  present  in  the  writer's  opinion  the 
answer  mnst  be  in  favour  of  gutta-percha,  which  is  supported  by  the 
fact  that  the  old  telegraph  companies  continue  to  employ  gutta-percha 
for  their  new  cables. 

"  The  serving  with  hemp  or  jute  yams  0,  Fig.  3,  Plate  63,  as 
practised  at  present,  is  done  by  machines  similar  to  those  strand 
machines  which  put  a  twist  into  the  wire  or  yam  ;  and  advantage  is 
taken  of  the  flexibility  of  the  yam  to  place  the  bobbins  in  any  convenient 
position.  A  large  number  of  yarns  are  used,  put  on  with  a  long  twist 
or  pitch,  in  order  to  avoid  any  chance  of  bending  or  twisting  the  core  if 
one  yarn  breaks  or  is  not  so  taut  as  the  others.  The  serving  merits 
more  attention  in  the  author's  opinion  than  it  has  received,  and  he 
considers  that  many  machines  for  manufacturing  telegraph  cables  still 
pnt  too  much  strain  upon  the  core,  especially  when  it  is  small  and 
weak ;  and  that  the  hemp  might  be  applied  so  as  to  protect  and 
strengthen  the  core  much  more  effectually  than  is  now  the  case,  and 
thns  form  a  much  better  preparation  than  is  now  afforded  for  the  final 
process  of  sheathing  with  iron  wires.  The  usual  cores,  both  before 
and  after  they  are  served  with  the  yam,  are  very  weak  and  liable  to 
be  stretched  if  any  hitch  occurs  in  the  feed  of  the  machines ;  and  the 
author  believes  that  several  mishaps  might  be  traced  to  this  cause, 
and  that  the  constmction  of  a  thoroughly  good  serving  machine  is  a 
desideratum  of  much  importance.  The  yam  protected  by  wires  remains 
sound  under  water  for  a  long  time. 

The  final  process  of  sheathing  the  cable  with  iron  wire  D, 
Fig.  3,  Plate  63,  is  similar  to  that  of  making  wire  rope ;  and  the 
machines  used  for  the  one  purpose  answer  for  the  other,  with  the 
simple  addition  of  a  guide  for  the  central  soft  served  core.  All  the 
machines  used  ^May  "  the  wire  without  twisting  it,  the  same  as  in  the 
manufacture  of  wire  ropes. 
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Only  the  commonest  form  of  submarine  cable,  Fig.  I ,  Plate  6S, 
has  hitherto  been  described,  consisting  of  one  insulated  condactor 
served  with  hemp  and  protected  by  iron  wires  laid  round  it.  A 
description  will  now  be  given  of  some  of  the  other  forms  that  have 
been  used  or  proposed. 

Instead  of  one  gutta-percha  covered  core,  several  separately 
insulated  wires  are  frequently  included  in  one  sheath,  as  shown  in 
Fig.  4,  Plate  64,  which  represents  a  cable  of  this  class  laid  in  1854 
between  8pezzia  and  Corsica.  This  cable  and  all  the  subsequent  ones 
are  shown  double  full  size  in  the  engravings.  This  cable  has  six 
insulated  conductors,  which  are  all  now  in  working  order ;  and  the 
cable  has  not  cost  anything  for  repairs  since  first  laid,  and  is  still  in 
constant  work.  The  several  insulated  wires  in  this  and  similar  cables 
are  coated  with  gutta-percha,  and  then  laid  up  with  hemp  worming  into 
a  strand  by  laying  machines  similar  in  general  arrangement  to  those  for 
sheathing.  The  gutta-percha  covered  wire  is  of  course  not  twisted,  bat 
the  hemp  generally  is.  The  cables  across  the  English  Channel  are 
generally  of  this  class. 

In  the  Atlantic  telegraph  cable,  shown  in  Fig.  6,  Plate  64,  laid  in 
1857,  the  simple  iron  wires  of  the  sheath  were  replaced  by  small 
strands,  made  each  of  seven  wires  of  0*028  inch  diameter ;  but  these 
were  found  objectionable  on  account  of  their  rapid  corrosion. 

Strands  formed  of  thick  wire  are  however  frequently  used  to  cover 
heavy  shore  ends  of  telegraph  cables,  and  are  almost  necessary  in  the 
largest  cables  for  giving  sufficient  flexibility.  In  Figs.  9  and  10, 
Plate  65,  is  represented  the  Holland  cable  about  to  be  laid,  the  sbore 
end  of  which,  Fig.  10,  weighs  19*6  tons  per  nautical  mile;  the 
external  protecting  wire  is  here  0-220  inch  diameter  in  the  strands 
covering  the  shore  end,  while  the  single  wires  covering  the  main  cable 
are  0  375  inch  diameter,  Fig.  9 ;  but  in  the  process  of  manufacture 
the  cable  was  wound  round  a  7  feet  drum  without  difficulty. 

In  the  Toulon  and  Algiers  cable.  Fig.  8,  Plate  64,  laid  in  1860, 
the  iron  wires  of  the  sheath  were  replaced  by  steel  wires,  0*085  inch 
diameter,  each  covered  by  a  tarred  hempen  strand.  This  form  though 
convenient  in  many  ways  has  been  abandoned,  because  the  manne 
insects  eat  away  the  hemp  with  great  rapidity,  leaving  a  mere  bundle 
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of  loose  wires.     Simple  hempen  coverings  have  also  been  proposed, 
and  in  a  few  instances  imsaccessfally  tried. 

A  single  copper  wire  however,  0*065  inch  diameter,  merely  covered 
with  gutta-percha,  Fig.  5,  Plate  64,  was  laid  snccessfullj  between 
Varna  and  Balaclava  in  1855,  daring  the  Crimean  war,  a  distance 
of  300  miles,  and  worked  for  about  nine  months. 

In  a  construction  of  telegraph  cable  proposed  bj  Mr.  Allan,  no 
outer  covering  of  wires  is  used,  but  the  gutta-percha  covered  wire  is 
strengthened  by  a  layer  of  small  steel  wires  round  the  copper  conductor, 
as  shown  in  Figs.  13  and  14,  Plate  66.  It  is  doubtful  whether  this 
plan  is  preferable  to  a  simple  copper  strand  covered  with  gutta-percha ; 
though  superior  mechanically,  it  is  far  inferior  electrically. 

The  rapid  corrosion  of  the  outer  wires  in  some  situations  when 
submerged  is  perhaps  the  chief  defect  of  the  common  type  of  submarine 
cable.  To  prevent  this  corrosion  the  Isle  of  Man  cable,  shown  in 
Fig.  1 1 ,  Plate  66,  and  the  Wexford  cable  had  a  bituminous  compound 
applied  over  the  iron  wires  on  Mr.  Latimer  Clark's  plan.  The  Isle 
of  Man  cable  was  passed  through  the  hot  melted  compound,  and  was 
considered  to  have  been  injured  in  some  places  by  having  been 
accidentally  delayed  in  its  passage  through  the  hot  material.  The 
Wexford  cable  was  not  passed  through  the  melted  mass,  but  had  the 
compound  thrown  over  it  or  basted  on,  and  by  this  simple  contrivance 
a  very  serious  danger  was  avoided.  This  plan  of  preventing  the  decay 
of  the  iron  wires  is  fast  coming  into  favour. 

As  a  protection  against  rust  it  has  also  been  proposed  to  cover 
each  of  the  outer  wires  separately  with  gutta-percha.  A  cable  of  this 
make,  shown  in  Fig.  12,  Plate  66,  with  strands  composed  of  three 
iron  wires  instead  of  single  wires  in  the  sheath,  was  suggested  by 
Mr.  Chatterton  for  the  new  Atlantic  line,  and  except  on  the  score  of 
cost  seems  well  adapted  for  the  purpose.  It  has  also  been  proposed 
to  protect  the  iron  wires  by  vulcanite,  applied  either  as  a  general 
coating  or  to  each  wire  separately. 

In  a  plan  introduced  by  Mr.  Siemens,  instead  of  protecting  the 
iron  wires  they  are  omitted  altogether,  and  another  material  considered 
more  durable  is  substituted.     This  construction  of  cable  is  shown  in 
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Figs.  15,  16,  and  17,  Plate  67.  The  core  is  surromided  with  two 
layers  of  hempen  strands  CC,  Fig.  15,  laid  on  under  considerable 
tension.  Three  or  more  strips  of  copper  or  brass  GG,  about  O'Ol  inch 
thick,  are  then  bound  round  these  strands  while  they  are  still  stretched 
by  the  tension  ;  and  this  copper  or  brass  sheathing  grips  the  hempen 
cords  tightly,  so  that  they  cannot  contract  longitudinally  after  leaving 
the  machine.  By  this  construction  a  cable  is  obtained  which  is 
extremely  light  and  strong ;  thus  a  cable  g  inch  diameter  bears  a 
strain  of  15  cwts.  before  breaking,  and  stretches  only  0*8  per  cent, 
of  its  length  under  a  load  of  half  the  breaking  strain.  Mr.  Siemens 
is  of  opinion  that  from  the  experience  obtained  from  the  sheathing  of 
ships'  bottoms,  the  copper  or  brass  strips  outside  this  cable  will  be 
far  more  durable  than  the  iron  wires  of  the  usual  cable ;  experience 
however  with  telegraph  cables  can  alone  finally  decide  this  point, 
which  admits  of  much  discussion. 

The  machine  used  for  sheathing  the  cable  with  the  metal  strips  is 
shown  in  Figs.  19  and  20,  Plate  68.  Two  serving  machines  are 
placed  one  behind  the  other,  and  are  driven  in  opposite  directions, 
laying  on  two  distinct  hemp  coverings.  The  number  of  bobbins  or  the 
size  of  the  strand  in  the  two  machines  is  so  adjusted  that  each  covering 
although  of  different  diameter  may  have  the  same  lay  or  pitch  of  the 
spiral.  Each  hemp  strand  passes  round  a  V  pulley  between  the 
bobbin  and  the  laying  plate,  and  an  adjustable  break  is  applied  to  each 
of  these  pulleys  to  strain  or  stretch  the  strands.  A  cable  of  J  inch 
finished  diameter  has  two  layers  of  16  hempen  strands  each,  and  each 
strand  is  laid  on  under  a  strain  of  8  lbs.  In  front  of  the  two  sernng 
machines  and  driven  by  a  separate  band  stands  the  sheathing  machine, 
Fig.  19.  The  copper  or  brass  strips  GG  are  wound  on  bobbins  H,  as 
in  the  usual  serving  machines  ;  and  are  drawn  off  from  the  bobbins  to 
certain  guides  of  peculiar  form  close  to  the  served  core.  These  goides 
lead  the  several  strips  so  that  each  strip  laps  over  the  preceding  one  bj 
about  one  third  of  its  breadth.  The  core  is  supported  and  compressed 
by  the  tightening  nozzle  II  up  to  the  very  spot  at  which  the  metal 
strips  are  laid  on.  The  nozzle  I  is  made  up  of  segments  contracted 
by  an  adjusting  screwed  nut,  a  transverse  section  of  which  is  shown 
one  quarter  full  size  in  Fig.  21.     The  strips  laid  on  lapping  over  one 
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toother  would  form  a  cone  instead  of  a  cylinder,  if  it  were  not  for  a 
series  of  rollers  JJ,  between  which  the  metal  sheathed  cable  is 
immediately  ,  passed.  These  rollers  forcibly  compress  the  metal 
sheathing  into  a  cylindrical  shape  ;  and  a  simple  adjustment  regulates 
the  pressure  exerted  by  all  the  rollers,  as  shown  in  the  end  elevation, 
Fig.  20,  by  means  of  circular  inclined  surfaces  K  pressing  upon  the 
ends  of  the  slides  that  carry  the  rollers,  which  are  all  adjusted 
simultaneously  by  the  hand  wheel  L.  The  result  of  the  manufacture 
is  certainly  a  cable  very  beautiful  in  appearance ;  its  practical  value 
can  only  be  decided  by  experience,  but  in  the  author's  opinion  it  is 
superior  to  any  of  the  very  light  cables  hitherto  proposed. 

The  copper  or  brass  sheathing  affords  lateral  protection  to  the  core ; 
the  longitudinal  strength  of  the  cable  is  amply  sufficient  both  for  the 
necessary  strain  during  submergence,  and  to  provide  against  accidental 
injury ;  and  insects  will  not  lodge  in  the  hemp  so  long  as  the  metal 
sheathing  remains  intact.  There  may  be  some  ground  for  apprehension, 
in  the  author's  opinion,  as  to  the  durability  of  the  light  copper 
or  brass  sheathing ;  but  this  must  necessarily  be  left  to  be  decided 
by  further  experience  on  a  large  scale; 

In  reference  to  the  defects  of  the  usual  iron  wire  sheathing  as 
shown  in  the  drawings,  it  may  be  observed  that  some  misconceptions 
have  existed  upon  the  subject.  It  seems  to  be  generally  supposed 
that  wires  laid  on  spirally  round  a  soft  core  must,  as  soon  as  any 
strain  comes  upon  them,  stretch  somewhat  in  the  way  that  a 
spiral  spring  does ;  and  many  attempts  have  been  made  to  obviate 
this  supposed  defect :  but  on  actual  trial  no  defect  is  observed.  The 
single  open  helix  of  a  spring  stretches  by  diminishing  the  diameter  of 
the  coil ;  but  when  a  number  of  wires  are  laid  up  touching  one  another, 
BO  as  to  form  a  solid  ring  or  cylinder  round  a  centre,  as  in  a  telegraph 
cable,  the  diameter  of  the  ring  cannot  diminish,  even  though  the  centre 
of  the  cable  is  soft ;  and  consequently  the  only  stretching  that  OQCurs 
is  due  to  the  elongation  of  the  iron  itself,  added  to  a  very  small 
constant  due  to  the  more  perfect  closing  of  the  wires  one  against 
another.  The  following  experiment  on  the  stretching  of  telegraph  cables 
is  taken  at  random  from  a  very  large  number  made  by  the  Board  of 


222  6UBMARINB   TSLBORAPH   CABLES. 

Trade  Committee  on  sabmarine  telegraph  cables,  all  confirmatory  of 
this  view.  The  total  section  of  iron  in  the  Red  Sea  cable  which  wu 
experimented  upon,  shown  in  Fig.  7,  Plate  64,  is  abont  1-lOth  sqaare 
inch ;  and  one  sample  100  inches  long  elongated  0*56  per  cent,  with 
75  cwts.  strain;  and  it  broke  with  77 J  cwts.,  or  abont  39  tons  per 
square  inch  strain,  upon  the  iron  wire.  Other  samples  of  the  same 
cable  elongated  about  1  per  cent,  with  85  cwts.  Then  single  iron 
wires  of  about  the  same  size  as  those  in  the  cable,  0*085  inch  diameter, 
were  found  to  stretch  from  0-46  to  0*72  per  cent,  before  breaking,  and 
bore  about  4*4  cwts.  each,  or  39  tons  per  square  inch.  It  appears 
therefore  from  experiment  that  there  is  hardly  any  difference  in 
elongation  between  a  solid  rod  and  a  well  laid  up  cable;  and  in 
strength  no  difference  whatever  between  the  cable  and  the  wire 
composing  it.  The  core  does  not,  as  at  present  made,  add  sensibly  to 
the  strength  of  the  cable ;  for  its  resistance  to  the  extension  of  say 
one  per  cent.,  at  which  the  cable  breaks,  is  insensible  compared  with 
that  of  the  iron  wire  sheathing. 

The  twist  put  into  a  cable  by  the  usual  mode  of  coiling  it  when 
laid  in  a  mass,  as  in  the  hold  of  a  vessel,  has  also  sometimes  been 
misunderstood :  a  twist  is  no  doubt  put  into  the  cable  by  the  process 
of  coiling,  but  this  twist  is  as  certainly  taken  out  again  when  the  cable 
is  uncoiled,  and  is  therefore  of  no  importance. 

The  only  inconvenience  attending  the  spiral  lay  of  the  cable 
sheathing,  in  the  author's  opinion,  is  first  apparent  when  the  caUe  is 
being  paid  out,  without  sufficient  strain  upon  it  to  lay  it  taut  along 
the  bottom.  Then  as  the  slack  accumulates  the  cable  becomes  virtually 
free  at  the  bottom,  while  the  parts  near  the  surface  of  the  sea  have 
considerable  weight  to  bear;  and  the  cable  therefore  untwists  and 
throws  itself  over  into  a  bight.  The  number  of  turns  taken  outt  of  the 
cable,  and  of  bights  put  into  it  along  the  bottom,  depends  simply  on 
the  amount  of  slack  paid  out.  When  the  cable  is  again  picked  np, 
these  bights  draw  tight  into  kinks,  to  the  injury  of  the  recovered 
cable ;  and  this  is  the  only  practical  inconvenience  attending  the  usual 
spun  cables.  The  amount  of  elongation  consequent  on  the  untwisting 
is  quite  insignificant ;  and,  except  for  these  kinks,  telegraph  cable 
recovered  after  three  years  from  1500  fathoms  depth  has  been  found 
just  as  good  as  when  it  was  laid  down. 


SUBUARINB  TBLEGBAPH  CABLES.  223 

The  common  iron  covered  cable  can  be  easily  laid  safely  in  depths 
not  exceeding  1000  fathoms ;  bat  beyond  that  depth  steel  wire  should 
be  used  for  the  sheathing,  or  the  specific  gravity  of  the  cable 
diminished.  Exposed  hemp  is  not  admissible,  owing  to  the  marine 
insects  already  mentioned,  which  are  found  at  all  depths. 

The  general  result  of  all  the  facts  that  have  been  ascertained  with 
respect  to  submarine  telegraph  cables  may  be  said  to  be  that  all  the 
heavy  cables  have  succeeded,  and  all  the  light  cables  failed ;  and  the 
present  tendency  is  certainly  to  lay  heavier  and  heavier  cables, 
protected  by  some  composition  against  rust.  It  must  be  remembered 
however  that  all  the  heavy  cables  except  that  between  Spezzia  and 
Corsica  have  been  laid  in  shallow  water,  whereas  the  small  cables  have 
been  used  in  deep  water  :  but  the  facts  by  no  means  prove  that  some 
new  form  of  light  cable  may  not  ultimately  be  successful  in  deep  water. 
The  shore  end  of  the  new  cable  about  to  be  laid  between  Holland  and 
England,  shown  in  Fig.  10,  Plate  65,  is  a  fine  example  of  the  heavy 
class  of  cables,  weighing  19*6  tons  per  nautical  mile:  the  iron  wire 
sheathing  is  here  made  double,  the  core  being  covered  with  fifteen 
wires  0*220  inch  diameter,  which  are  served  with  hemp,  and  then 
covered  with  twelve  strands  of  three  0*220  inch  wires  each:  it  is 
farther  to  be  covered  with  pitch  and  hemp. 

The  following  Table  I  (appended)  gives  the  particulars  in  a  tabular 
form  of  the  actual  constructions  of  cables  that  have  been  described 
and  shown  in  the  engravings,  together  with  the  weight  per  nautical 
mile  of  each  form  of  cable.  Table  II  gives  a  list  of  the  principal 
submarine  telegraph  cables  now  in  working  order ;  showing  the  length 
of  each  cable,  the  maximum  depth  of  water  in  which  it  is  laid,  and  the 
length  of  time  it  has  now  been  working. 

In  conclusion  the  author  would  remark  that  he  has  not  attempted 
to  produce  a  complete  account  of  the  various  forms  of  submarine 
telegraph  cables,  nor  to  enter  full^  into  the  merits  or  demerits  even  of 
the  one  most  usual  type  of  cable  ;  he  has  simply  endeavoured  to  draw 
attention  to  those  points  in  the  different  constructions  which  affect 
their  practical  value  and  durability,  so  as  to  bring  the  subject  fairly 
before  the  meeting  for  discussion. 
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TABLE  II. 

Principal  Submarine  Telegraph  Cables  now  in  working  order. 


Date 
when 
laid. 

Loc^tf. 

Condnctora. 

8heathing. 

Length  of  cable 

in  nautical 

miles. 

Depth  of  water 
in  fathoma. 

Length  of  time 
working. 

Number. 

Biam. 

No. 

of 

wiret. 

Diam. 

of 
wirea. 

Inch. 
0-800 

1851 

Dover  and  Calais 

4wiref 

Inch. 
0-065 

10 

Naut. 
milea. 

24 

Fma. 

Yeaia. 
11 

1853 
1858 
1853 
1854 
1854 
1856 
1857 

Dover  and  Ostend 

Portpatriok  and ) 

Donaghadee    J 

England  and  Holland  ... 
Portpatrick  and  1 

Whitehead      ( 

Spezzia  and  Corsica  ... 
Newfoundland  and  1 

Cape  Breton  1  *" 
Norway,  across  Fiords... 

6    ... 
6    .•• 
1    ... 
6    ... 
6    ... 
1  itrand 
1     ... 

0-066 
0  066 
0066 
0-066 
0-066 
0-086 
0  085 

12 

12 

10* 

12 

12 

12 

10 

0-280 
0280 
0166 
0-280 
0-800 
0160 
0-200 

70 
22 
106 
24 
96 
74 
48 

80 

826 
860 
800 

9 
9 
9 
8 
8 
6 
6 

1857 

Ceylon  and  India 

1     ... 

0085 

— 

0-166 

26 

— 

6 

1858 

England  and  Holland  ... 

4  wirea 

0095 

10 

0-876 

122 

80 

4 

1858 

England  and  Hannover 

28trand8 

0066 

12 

0190 

244 

80 

4 

1858 

Ceylon  and  India 

1     ... 

0-085 

12 

0-165 

26 

46 

4 

1859 

England  and  Denmark... 

8    ... 

0066 

12 

0-210 

820 

80 

8 

1859 

Sweden  and  G  otland    . . . 

1    ... 

OOS.'i 

12 

0-150 

66 

80 

8 

1859 

Folkstone  and  Boulogne 

6    ... 

0086 

12 

0-840 

21 

82 

8 

1859 

Malta  and  Sicily 

1    ... 

0-086 

10 

0-210 

62 

79 

8 

1859 

England  and  Isle  of  Man 

1  wire 

0066 

10 

0-190 

82 

80 

8 

1859 

Tasmania^  BasB*  Straits 

1  atrand 

0065 

10 

0-165 

210 

r 

2* 

1860 

Toulon  and  Algiers 

1     ... 

0086 

lot 

0086 

462 

1585 

2 

18G0 

Corfu  and  Otranto 

1     ... 

0-085 

10 

0210 

78 

1000 

2 

I860 

Dacca  and  Pegu    

1     ... 

0-095 

18 

0-086 

100 

— 

2 

1860 

Barcelona  and  Mahon ... 

1    ... 

0085 

16 

0-102 

166 

1400 

2 

1860 

Majorca  and  Minorca  ... 

2    ... 

0-066 

18 

0-110 

80 

250 

2 

I860 

Iviza  and  Majorca 

2    ... 

0065 

18 

0116 

64 

600 

2 

I860 

St  Antonio  and  Iviza  ... 

2    ... 

0066 

18 

0116 

66 

460 

2 

1861 

Toulon  and  Corsica     ... 

1    ... 

0086 

lot 

0086 

170 

1560 

H 

1861 

Malta  and  Alexandria ... 

1    ... 

0-165 

18 

0-120 

1880 

420 

i 

*  Galvanised  wires.        t  ^^^  wires  covered  with  hemp. 
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Mr.  Jbmkin  exhibited  a  namber  of  specimens  of  the  Tarions 
constructioBS  of  snbmarine  telegraph  cables  described  in  the  paper, 
contributed  by  the  principal  manufacturers,  and  specimens  showing  the 
mode  of  soldering  the  successive  lengths  of  the  copper  condaciing 
wire  to  one  another,  and  of  joining  one  length  of  strand  to  the  next 
by  a  soldered  scarf  joint. 

Mr.  C.  W.  Siemens  thought  the  subject  of  the  mechanical 
construction  of  submarine  telegraph  cables  was  one  well  worthy  the 
attention  of  the  meeting,  because  it  was  an  open  question  yet,  and  one 
into  which  mechanical  considerations  entered  very  largely.  Tbe, 
electrical  question,  which  had  also  been  introduced  in  the  paper  that 
had  been  read,  would  perhaps  hardly  be  suitable  for  discassion 
on  the  present  occasion ;  excepting  the  main  point  of  importance, 
whether  gutta-percha  or  india-rubber  should  be  used  as  the  insulating 
covering  for  protecting  the  copper  conducting  wires.  He  had  himself 
no  predilection  for  either  of  these  materials,  but  thought  both  of 
them  possessed  very  excellent  qualities  as  well  as  certain  defects ;  it 
would  therefore  be  wrong  to  overlook  the  merits  of  one  in  taking  too 
favourable  a  view  of  the  other.  Gutta-percha  had  been  used  by  himself 
for  a  great  many  years,  and  he  appreciated  its  advantages  and  knew 
also  many  of  its  shortcomings,  on  account  of  which  he  had  proposed 
the  use  of  india-rubber  as  an  inner  coating  under  the  gutta-percha, 
not  only  because  of  the  higher  insulating  and  lower  indactive 
property  of  india-rubber,  but  also  to  a  great  extent  because  of  its 
mechanical  properties.  When  once  properly  put  on,  india-rubber  was 
so  mobile  in  its  particles  that  it  might  be  called  semifluid ;  and  there 
was  no  flaw  in  it  so  long  as  it  was  well  protected  extemallj. 
External  protection  was  necessary  in  order  to  make  india-rubber 
effective  as  an  insulator,  because  if  left  to  itself  it  would  easily  be 
cut ;  and,  what  was  more  important,  it  absorbed  water  to  a  mnch 
larger  extent  than  gutta-percha. 

The  Chairman  enquired  whether  india-rubber  absorbed  water  in 
consequence  of  any  defect  in  the  material,  or  whether  the  absorption 
was  independent  of  the  quality  of  the  india-rubber ;  and  also  whether 
gutta-percha  absorbed  much  water. 
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Mr.  C.  W.  Siemens  replied  that  all  india-rubber  absorbed  water 
to  a  very  considerable  extent,  independent  of  the  quality  of  the 
material ;  and  gutta-percha  also  absorbed  water,  but  to  a  less  extent 
than  india-rubber,  and  never  sufficiently  to  reduce  its  insulating 
property  materially.  From  some  observations  that  he  had  made  it 
appeared  that  india-rubber  was  also  slightly  dissolved  by  salt  water, 
which  gradually  formed  a  slime  on.  the  surface  of  the  india-rubber, 
thereby  diminishing  its  thickness  ;  when  immersed  in  salt  water 
a  considerable  increase  of  weight  in  the  india-rubber  was  first 
observable  for  about  150  days,  and  after  that  a  loss  of  weight, 
owing  t-o  a  slight  separation  taking  place  of  the  slimy  substance  on 
the  surface  of  the  india-rubber.  He  had  therefore  come  to  the 
conclusion  that  the  highest  insulation  could  be  obtained  by  a  union  of 
india-rubber  and  gutta-percha :  iiow  far  either  of  them  used  alone 
could  be  considered  superior  to  the  other  must  be  left  for  experience 
to  decide  ;  but  the  experience  that  he  had  had  of  the  union  of  the  two 
was  very  favourable. 

With  regard  to  the  outer  sheathing  of  the  cable,  he  considered  the 
subject  was  treated  upon  the  whole  with  great  fairness  in  the  paper 
that  had  been  read ;  many  points  had  been  touched  upon,  some  of 
which  admitted  of  further  remarks.  Thus  in  paying  out  a  wire- 
sheathed  cable  of  the  usual  construction  into  deep  water,  it  frequently 
occurred  that  one  wire  broke  in  the  sheathing  as  the  cable  was  being 
taken  out  of  the  hold,  and  this  was  a  source  of  great  dang'er ;  for 
the  one  broken  wire  with  its  ends  separating  from  the  cable  would 
form  an  irregular  mass,  which  in  passing  over  the  break  wheel  was 
very  apt  tor  entangle  itself  there  and  cause  a  rupture  of  the  cable.  This 
alone  he  considered  was  a  sufficient  ground  for  endeavouring  to  find  a 
sheathing  that  would  not  be  liable  to  such  accidents ;  and  it  was  to 
avoid  that  liability  and  to  prevent  corrosion  that  he  had  designed  the 
sheathing  now  exhibited  and  described  in  the  paper,  consisting  of 
thin  copper  strips  wound  round  the  cable.  In  this  construction  the 
sheathing  could  not  uncoil  because  it  was  double  throughout  along 
the  edges  of  the  strips,  and  each  covering  strip  was  gripped  under  the 
succeeding  one  and  was  always  held  down  by  it,  so  that  even 
if  one  of  the  strips  should  get  cut,  or  indeed  if  all  of  them  were 
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cat  at  the  end  of  the  cable,  they  could  not  untwist.  With  regard 
to  the  durability  of  the  external  sheathing,  he  believed  there  wu 
satisfactory  reason  for  considering  that  copper,  and  especially  copper 
with  a  small  percentage  of  phosphorus  (about  4  per  cent.),  or  of  anj 
of  the  electro-negative  metals  such  as  silver  or  tin,  was  fur  more 
durable  in  sea  water  than  iron. 

The  Ci^AiRMAN  observed  that  he  had  also  found  that  copper 
alloyed  with  a  little  phosphorus  had  greater  strength  and  tenacity 
than  when  not  so  alloyed. 

Mr.  C.  W.  Siemens  said  experiments  had  been  made  wliich 
proved  also  that  the  copper  alloyed  with  phosphorus  was  far  less 
oxidisable  and  therefore  far  less  attacked  by  the  salt  of  the  sea  than 
pure  copper.  Moreover  the  copper  sheathed  cable  as  it  issued  from 
the  sheathing  machine 'was  covered  with  a  film  of  tar  or  resinoos 
matter,  which  gradually  became  indurated  and  formed  a  strong 
protection  to  the  metal  beneath ;  and  there  was  also  a  layer  of  tar 
inside  the  metal  sheathing,  both  of  which  coatings  together  with  the 
metal  sheathing  would  have  to  be  oxidised  completely  through,  before 
the  hemp  could  be  laid  bare  for  the  marine  insects  to  attack,  which  was 
the  real  danger  that  would  arise  if  the  metal  sheathing  were  gone. 
For  these  reasons  he  thought  it  was  desirable  to  employ  a  copper 
sheathed  cable  and  one  that  would  not  uncoil,  such  as  the  specimen 
now  exhibited  of  the  new  construction,  of  which  some  short  lengths 
had  now  been  laid  down  for  trial,  and  he  confidently  anticipated  the 
result  would  be  favourable. 

He  was  glad  that  reference  had  been  made  in  the  paper  to  the 
uncoiling  of  a  cable  when  laid  in  the  sea,  which  was  not  admitted  by 
many  engineers  ;  it  was  perfectly  true  however  that  when  a  cable 
covered  with  a  sheathing  wound  spirally  round  it  was  lowered  to  a 
great  depth,  the  strain  produced  upon  it  by  its  own  weight,  being 
greatest  near  the  ship  and  diminishing  to  nothing  at  the  bottom, 
would  act  very  much  as  though  the  end  were  freely  suspended :  the 
cable  would  partially  untwist  and  elongate.  The  consequence  of  the 
untwisting  was  that  some  sort  of  loops  must  be  formed  at  the  bottom, 
where  the  untwisting  action  was  stopped  by  the  cable  lying  on  the 
ground ;    and  when  the  cable  was  taken  up  ogain  these  loops  were 
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pulled  tight  into  kinks,  giving  rise  to  fanlts  in  the  insulation.  If 
both  ends  of  a  cable  were  held  tight  fr6m  untwisting  and  an  equal 
strain  were  applied,  then  indeed  the  wires  would  form  an  arch  round 
the  cable,  and  the  elongation  produced  would  only  a  little  exceed  the 
elongation  of  a  solid  wire. 

The  Chairman  enquired  what  were  the  principal  causes  of  failure 
in  submarine  telegraph  cables  after  they  had  once  been  laid,  when 
coTered  with  gutta-percha. 

Mr.  G.  W.  Siemens  replied  that  there  were  many  causes  which  had 
been  found  in  practice  to  operate  in  destroying  submarine  cables  made 
with  gutta-percha *as  the  insulating  material.  In  the  first  place  the 
gutta-percha  covering  had  been  imperfect  when  the  cable  was  shipped 
for  laying.  Many  cables,  especially  the  earlier  ones,  had  failed  because 
the  gutta-percha  covering  was  not  perfect,  but  contained  mechanical 
defects,  however  good  the  n^aterial  itself  might  be.  Air  bubbles 
getting  into  its  substance,  in  the  machine  by  which  the  layer  of  gutta- 
percha was  put  on  the  copper  strand,  formed  cavities  which  under 
the  great  hydraulic  pressure  at  the  bottom  of  the  sea  would  be 
penetrated  by  the  water.  Bad  joints  in  the  gutta-percha  were 
another  and  frequent  source  of  failure.  Moreover  if  too  great  battery 
power  were  applied,  the  gutta-percha  was  quite  eaten  through  and 
melted  away  in  places  where  the  covering  happened  to  be  thin  owing 
to  a  mechanical  fault  or  injury ;  and  it  was  therefore  essential  to  use 
low  battery  power  in  working  cables. 

Another  frequent  cause  of  failure  was  the  outer  sheathing  of  the 
cable  giving  way  :  the  iron  wires  in  some  places  rusted  entirely  away, 
leaving  the  copper  wire  simply  covered  with  gutta-percha.  Then  if 
the  cable  had  been  laid  a  little  tight,  or  if  that  part  hung  between 
rocks  at  the  bottom  of  the  sea,  as  soon  as  the  iron  covering  gave  way 
the  weight  of  the  iron  sheathing  upon  the  cable  would  be  a  great 
source  of  destruction,  causing  those  portions  where  the  iron  had  been 
msted  away  to  elongate,  and  a  fault  would  be  developed.  This 
was  found  to  be  the  case  especially  in  raising  a  cable  after  it  had 
been  laid  some  time.  In  the  Red  Sea  cable,  for  instance,  the  iron 
sheathing  had  gradually  been  rusted  completely  away  in  some  places, 
and   in  attempting  to    raise   it  the   cable   broke   at  those  places, 
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where  the  gutta-percha  was  pulled  out   and  faults  had  developed 
themselyes. 

Another  cause  of  failure  was  the  gutta-percha  having  heen  melted 
hj  accidental  exposure  to  heat.  If  in  a  tropical  climate  a  gntta- 
percha  covered  cable  were  allowed  to  remain  lying  for  a  quarter  of  an 
hour  upon  deck,  the  gutta-percha  would  unquestionably  be  soflened 
enough  to  allow  the  copper  conductor  to  sink  by  its  weight  through 
the  gutta-percha  so  as  to  touch  the  outer  materials.  Pieces  of 
the  Atlantic  cable  which  had  been  fished  up  showed  evident 
signs  of  having  been  heated.  If  a  piece  of  iron  sheathed  cable 
previously  moistened  were  exposed  to  atmospheric  influence,  heat 
developed  itself,  as  had  been  the  case  with  the  Malta  and  Alexandria 
cable;  and  if  that  heat  rose  to  about  100^  Fahr.,  the  gutta-percha 
would  be  in  a  semifluid  condition.  When  the  cable  was  laid  under  such 
circumstances,  it  might  seem  successful  at  first,  but  faults  would 
show  themselyes  soon  afterwards. 

Mr.  W.  Shears  remarked  that,  in  reference  to  the  strengthening 
of  copper  or  brass  by  a  portion  of  phosphorus  being  combined  with  it, 
he  believed  phosphoretted  metal  had  no  greater  durability  in  sea  water 
than  ordinary  sheathing  as  applied  to  ships*  bottoms,  either  the 
yellow  metal  or  the  copper  sheathing,  which  lasted  only  a  few  years  : 
and  therefore,  notwithstanding  the  ingenuity  of  the  sheathing  of 
copper  strips  in  Mr.  Siemens'  cable,  he  feared  it  would  not  stand  very 
long  in  sea  water,  probably  not  more  than  about  three  years,  and  then 
it  would  cease  to  be  any  protection  whatever  to  the  hemp  underneath. 

Mr.  N.  S.  Russell  observed  that  the  durability  of  copper  depended 
on  the  quality  of  the  metal,  and  it  was  no  doubt  difficult  at  the 
present  time  to  get  really  good  copper  that  would  last  well.  The 
copper  sheathing  of  the  '^  Black  Eagle  *'  had  recently  heen  taken  off 
at  Woolwich  dockyard,  after  having  been  on  the  ship  for  twenty  years ; 
and  it  was  found  to  have  been  only  worn  thin  gradi^^lly,  but  was  not 
worn  in  holes  in  any  parts,  showing  how  well  the  sheathing  would 
stand  when  the  metal  was  of  good  quality. 

Mr.  E.  A.  CowPBR  said  it  had  been  stated  before  a  committee  of 
the  House  of  Commons  that  copper  sheathing  as  formerly  made  could  be 
used  for  twenty-five  or  thirty  years  before  requiring  renewal :  but  ships 
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sheathed  with  modem  copper  often  required  stripping  in  three  or  four 
years*  time.  The  plan  of  mixing  phosphorus  with  copper  he  believed 
was  a  new  one;  it  had  only  just  been  tried,  so  that  there  had  not  been 
an  opportunity  yet  of  testing  the  durability  of  the  phosphoretted 
copper ;  but  some  experiments  made  with  it  seemed  to  give  some  hope 
that  it  would  last  as  well  as  the  good  copper  sheathing  made  in  former 
years  for  ships*  bottoms  :  it  seemed  to  stand  well,  and  did  not  become 
oxidised  so  much  as  copper  not  containing  phosphorus. 

Mr.  J.  Scott  Kussell  mentioned  that  some  enquiries  had  lately 
been  made  at  Chatham  into  the  subject  of  copper  sheathing  for  ships' 
bottoms,  the  practical  result  of  which  was  that  two  sorts  of  copper  of 
the  same  chemical  quality  might  be  of  opposite  characters  for  durability 
in  sea  water,  and  to  such  an  extent  that  while  one  might  be  considered 
as  lasting  twenty  years  the  other  would  not  last  as  many  months. 
He  had  also  been  informed  by  a  manufacturer  of  copper  that  in  the 
process  of  manufacture  the  melted  copper  was  skimmed,  by  taking  the 
"cream"  off,  and  then  the  '* skimmed  metal**  that  remained  in  the 
melting  pot  was  employed  for  the  purpose  of  sheathing  ships.  But  it 
was  found  that  though  this  '^  skimmed  metal  **  was  as  pure  copper  as 
the  '^cream,*'  and  when  analysed  showed  the  same  chemical  composition, 
yet  its  quality  for  the  purpose  of  protecting  ships  was  greatly  inferior. 
It  was  therefore  important  in  applying  copper  strips  for  the  sheathing 
of  telegraph  cables  to  learn  what  sort  of  copper  it  was  that  would  last. 
The  durability  of  the  metal  was  also  affected  by  the  degree  of  friction 
it  was  exposed  to  by  motion  of  the  water  on  its  surface  ;  and  perhaps 
the  sheathing  of  telegraph  cables,  being  free  from  currents  in  the 
water,  might  prove  more  durable  than  the  sheathing  of  a  ship's 
bottom.  When  a  ship  was  laid  up  in  dock,  its  copper  sheathing  could 
scarcely  be  kept  clean ;  but  when  in  motion  it  was  kept  clean  by  the 
Motion  of  the  water,  and  the  wear  of  the  sheathing  consisted  in  the 
continual  abrasion  of  its  skin  by  motion  through  the  water.  Hence  in 
vessels  built  with  the  old  fashioned  bluff  bows,  the  sheathing  had  to  be 
put  on  very  thick  at  the  bows,  where  there  was  the  greatest  resistance, 
to  allow  for  the  extra  wear  at  that  part  in  consequence ;  while  in  the 
new  fashioned  bow,  where  the  resistance  was  uniform  over  the  entire 
surface,  the  copper  sheathing  wore  out  more  slowly  at  that  part. 
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Mr.  G.  A.  EvERiTT  conld  confirm  the  statement  that  had  been 
made  as  to  the  practice  of  skimming  copper  in  the  process  of  mdtiog 
it :  the  ''  cream  *'  skimmed  off  formed  what  was  known  as  best  selected 
copper,  while  the  ''  skimmed  metal "  left  behind  formed  cake  copper, 
which  was  the  description  nsed  for  copper  sheathing,  and  was  the  basis 
of  the  yellow  metal  used  for  sheathing  during  the  last  few  years.  It 
was  therefore  readily  seen  that  the  present  copper  sheathing  made  from 
cake  copper  would  be  much  inferior  in  quality  to  what  it  was  ten  yean 
ago,  before  the  practice  of  skimming  the  copper  had  been  adopted  for 
this  purpose.  As  regarded  the  statement  made  in  the  paper  in 
reference  to  the  conducting  power  of  copper  wire,  that  the  pnier  the 
copper  the  greater  was  its  power  of  conducting  electricity,  he  enquired 
whether  any  particular  makes  of  copper  had  been  found  superior  in 
this  respect  to  others  :  whether  foreign- smelted  copper,  such  as 
Australian,  Russian,  or  Norwegian,  was  better  than  that  manufactured 
in  England. 

Mr.  Jenkin  replied  that  in  respect  of  the  power  of  conducting 
electricity  the  Australian  copper  had  been  found  to  be  the  best. 

Mr.  E.  A.  GowPER  observed  that  the  copper  ores  from  Cornwall 
had  been,  found  better  for  the  purposes  of  copper  sheathing  than 
either  the  Australian  or  the  Norwegian;  but  it  was  considered  to  be 
objectionable  to  mix  many  kinds  together. 

Mr.  G.  W.  Siemens  remarked  that  the  power  of  copper  to 
conduct  electricity  was  very  greatly  altered  by  even  a  slight  admixture 
of  any  foreign  substance  :  about  2  per  cent,  of  foreign  matter  was 
known  to  reduce  the  conducting  power  of  copper  87  per  cent. 
He  had  himself  tried  the  phosphoretted  copper,  and  found  that 
the  conducting  power  was  reduced  to  about  one-fifth  of  what  it  was 
before  the  phosphorus  was  added.  These  facts  bore  very  much  be 
considered  upon  the  question  of  the  durability  of  the  copper  also, 
because  the  action  of  sea  water  upon  the  copper  was  to  a  great  extent 
an  electric  action,  and  might  be  greatly  influenced  by  using  different 
kinds  of  copper  on  the  same  vessel ;  it  was  well  ascertained  that  one 
sheet  of  copper  would  wear  away  more  rapidly  on  a  ship's  bottom  than 
another,  and  good  copper  was  known  to  last  even  from  thirty  to  forty 
years.     The  copper  however  that  would  be  best  adapted  for  sheathing 
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a  telegraph  cable  was  not  perhaps  that  which  would  be  the  best  for 
ship  sheathing ;  because  in  the  latter  case  the  copper  was  not  wanted 
80  much  to  last  for  any  length  of  time,  as  to  poison  the  animals  that 
would  attach  themselves  to  the  ship's  bottom,  and  the  yellow  metal 
sheathing  had  been  designed  with  the  special  view  of  poisoning  the 
animals  and  so  keeping  them  ofif.  If  the  object  were  merely  to  extend 
the  lifetime  of  the  copper  sheathing  of  a  ship's  bottom,  its  durability 
might  easily  be  increased  by  adding  tin,  silver,  or  phosphorus  to  it ; 
but  then  it  would  become  more  liable  to  foul  by  the  attachment  of 
marine  animals.  In  the  case  of  a  telegraph  cable  however  the 
conditions  were  dififerent :  durability  alone  was  wanted,  and  the 
sheathing  was  not  exposed  to  any  motion  in  the  water.  He  considered 
that  though  the  copper  sheathing  might  wear  away  in  some  cases 
in  fire  or  six  years  on  a  ship's  bottom,  yet  in  the  sheathing  of  a 
cable  the  same  metal  would  last-  three  or  four  times  as  long. 

Mr.  J.  Grantham  thought  the  outer  covering  of  a  submarine 
telegraph  cable  was  practically  so  much  the  most  important  part  of  the 
cable  that  it  probably  required  more  consideration  than  any  other  point 
connected  with  the  cable.  The  new  mode  of  sheathing  the  cable  with 
copper  strips,  introduced  by  Mr.  Siemens,  appeared  to  have  much  to 
recommend  it ;  for  the  circumstances  affecting  the  durability  of  copper 
sheathing  when  applied  to  a  ship's  bottom  and  when  applied  to  covering 
a  telegraph  cable  differed  in  the  important  respect  that  the  sheathing 
of  a  ship  was  exposed  to  the  friction  of  the  ship's  motion  through  the 
water  as  well  as  its  rolling  motion,  while  the  cable  lay  undisturbed  at 
the  bottom  of  the  sea.  For  the  sheathing  of  a  ship  it  was  not  in 
general  of  so  much  consequence  that  the  copper  should  be  very  durable ; 
because  the  ship  required  stripping  frequently  for  caulking  the  seams, 
and  then  the  copper  was  necessarily  destroyed  and  replaced  by  new  ; 
but  in  a  cable  the  longer  the  copper  sheathing  lasted  the  better.  The 
effect  of  the  friction  produced  by  motion  through  the  water  was  clearly 
shown  by  the  greater  wear  of  the  copper  sheathing  at  a  ship's  bows, 
where  the  friction  was  the  greatest.  The  wear  indeed  was  the  result 
partly  of  chemical  and  partly  of  mechanical  action  :  the  surface  of  the 
copper  became  oxidised  by  exposure  to  the  sea  water,  and  if  the  ship 
remained  at  rest  the  sheathing  became  covered  by  a  deposit,  which 
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wonld  protect  it  to  a  great  extent  from  the  effect  of  the  sea  water ; 
but  bj  the  ship's  motion  the  friction  of  the  water  continually  brushed 
off  this  coating,  and  thus  the  animalculce  attaching  themselves  to  the 
ship's  bottom,  though  probably  not  poisoned  by  the  copper,  could  not 
however  cling  to  it,  being  thrown  off  from  it  by  a  sort  of  imperceptible 
scale,  whereby  the  ship's  bottom  was  preserved  free  from  fouling.  These 
facts  were  accordingly  favourable  to  sheathing  a  cable  with  copper, 
because  the  copper  would  itself  become  coated  in  the  same  manner,  and 
even  covered  with  animalculae ;  but  while  remaining  at  rest  in  the 
water  there  would  be  no  friction  to  disturb  that  coating,  which  wodd 
thus  protect  the  copper  from  further  oxidation  by  the  sea  water. 
There  was  therefore  he  thought  every  reason  to  suppose  the  sheathing 
by  copper  strips  to  be  a  thoroughly  sound  protection,  if  the  cable  were 
properly  manufactured  in  the  first  instance :  and  he  enquired  whether 
the  strips  of  copper  could  be  readily  obtained  of  sufficient  length  to 
make  the  manufacture  of  the  cable  simple  and  easy,  and  so  as  not  to 
require  too  many  joinings,  which  would  involve  some  inconvenience. 

Mr.  C.  W.  Siemens  replied  there  was  no  difficulty  in  manufactoring 
the  copper  strips  long  enough,  and  they  were  made  in  two  ways: 
either  long  strips  were  rolled  of  considerable  width,  and  then  cat  up 
into  strips  of  the  required  width  by  being  passed  through  a  pair  of 
cutting  rollers ;  or  else  wire  was  drawn  of  the  required  size  and  length, 
and  was  afterwards  rolled  flat.  In  both  ways  strips  of  sufficient  length 
could  be  obtained,  and  there  was  no  difficulty  in  joining  the  sucoessiTe 
lengths  together  ;  they  were  simply  soldered  together,  and  it  was  not 
necessary  that  these  soldered  joints  should  be  reliable,  because  each 
strip  was  held  firmly  by  the  succeeding  strip  being  pressed  into  it 
so  that  it  could  not  get  away.  In  putting  on  the  copper  strips  on  a 
cable,  the  sheathing  machine  was  stopped  when  each  strip  ran  ont, 
while  the  next  length  was  soldered  on. 

Mr.  A.  Smith  observed  that  in  reference  to  the  relative  strength 
of  steel  and  iron  wire  in  the  construction  of  telegraph  cables,  upon 
which  some  remarks  had  been  made  in  the  previous  discussion  upon 
wire  ropes,  he  had  found  the  statement  that  steel  wire  had  double  the 
strength  of  iron  wire  to  be  fully  confirmed  by  the  results  of  actual 
experiments.     For  an  iron  wire  rope  of  1}  inch  circumference,  made 
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of  charcoal  iron  galvanised,  broker  with  a  load  of  2|  tons,  while  a  steel 
wire  rope  of  the  same  size  broke  with  8|  tons  ;  and  an  iron  wire  rope 
of  3  inches  drcnmference  broke  at  9|  tons,  while  a  steel  wire  rope  of 
the  same  size  broke  at  26}  tons.  Hence  he  thought  a  steel  wire  rope 
might  safely  be  taken  to  bear  doable  the  strain  of  an  iron  wire  rope. 

Mr.  Jbnkin  said  a  great  number  of  experiments  had  been  made  by 
Mr.  Siemens  and  Mr.  Forde  as  to  the  strength  of  iron  and  steel  wires 
in  submarine  telegraph  cables,  and  a  great  number  pf  single  wires  had 
been  tried  by  them.  It  was  found  that  the  steel  wire  was  twice  as 
strong  a»  the  iron  wire ;  but  on  the  other  hand  it  was  found  that, 
though  it  had  so  much  more  strength  when  properly  manufactured,  it 
could  not  always  be  depended  upon  so  well  as  the  best  charcoal  iron 
wire :  uniformity  of  strength  could  not  be  secured  in  steel  wire, 
different  specimens  varying  greatly. 

Mr.  W.  PoLB  said  he  had  lately  made  some  experiments  for 
Messrs.  Broadwood  upon  the  strength  of  pianoforte  wire,  which  was 
the  strongest  material  known;  he  had  tried  several  specimens,  and 
was  surprised  to  find  the  very  great  strength  it  possessed.  Iron  was 
spoken  of  as  strong  when  it  would  bear  a  tensile  strain  of  30  tons  per 
square  inch,  and  steel  when  it  bore  60  tons ;  but  the  wire  he  tried 
actually  bore  as  much  as  110  and  120  tons  per  square  inch.  It  was 
steel  wire,  manufactured  in  Qermany ;  and  it  had  in  the  form  of  wire 
about  double  the  strength  of  bar  steel  made  of  the  same  material,  just 
as  iron  wire  was  generally  about  twice  as  strong  as  bar  iron.  The 
iron  wire  of  which  the  Niagara  suspension  bridge  was  made  was 
manufactured  in  Manchester,  and  bore  a  strain  of  about  40  tons 
per  square  inch ;  and  that  of  the  Freiburg  suspension  bridge  in 
Switzerland,  made  of  charcoal  iron,  bore  50  tons  per  square  inch. 

Mr.  J.  SooTT  EnssELL  thought  that  time  was  an  element  which 
ought  to  be  taken  into  consideration  with  respect  to  the  strength  of 
wire ;  for  those  metals  which  bore  a  very  high  strain  under  experiment 
did  not  appear  to  be  capable  of  standing  for  any  great  length  of 
time  under  that  strain. 

Mr.  W.  PoLB  remarked  that  this  was  hardly  the  case  with  piano- 
forte wire,  because  that  was  found  to  stand  for  a  long  period  under 
a  very  considerable  strain,  often  not  much  below  its  breaking  strain. 

H  2 


286  SUBMARINB  TBLBOBAPH    0ABLB8. 

Mr.  P.  Haooib  observed  that  in  refereDce  to  the  BtrengUi  of 
different  sorts  of  wire  the  case  of  pianoforte  wire  was  different  from 
that  of  a  telegraph  cable  or  a  wire  rope.  The  pianoforte  wire  wib 
drawn  for  a  particular  parpose,  and  was  made  specially  hard  to  sU&d 
a  great  strain ;  bat  it  was  deficient  in  the  flexibility  which  was 
specially  required  in  a  rope  or  telegraph  cable.  The  strength  of 
charcoal  iron  wire  howeyer  he  considered  was  much  more  tiiia  iiad 
been  stated,  and  the  wire  mnst  have  been  of  yery  inferior  qnalitf 
in  a  rope  of  8  inches  circumference  to  break  with  9|  tons  load: 
for  the  ordinary  test  for  an  iron  wire  rope  of  that  size  was  18  tons, 
to  be  borne  without  breaking.  He  enquired  what  was  the  proportioBate 
strength  of  the  new  cable  now  described,  sheathed  with  copper  strips, 
as  compared  with  cables  covered  with  wire  sheathing. 

Mr.  G.  W.  Siemens  replied  that  if  a  wire-sheathed  cable  were 
covered  with  strands  of  small  wire  instead  of  single  large  wires  it 
could  no  doubt  be  made  strong  enough  to  be  quite  safe  against  any 
breakage  taking  place ;  in  fact  the  former  Atlantic  cable  had  been 
covered  in  that  way,  but  then  the  consequence  was  that  it  rusted  away 
in  about  half  the  time  it  would  have  done  had  single  wires  been  used  for 
the  sheathing,  on  account  of  the  much  larg^  extent  of  surface  exposed 
to  the  action  of  the  sea  water.  For  the  shore  ends  indeed  of  caUes 
a  yery  strong  covering  of  wire  strands,  something  like  that  now 
adopted  for  the  England  and  Holland  cable,  was  certainly  the  best 
protection.  The  copper  sheathed  cable  was  not  proposed  for  laying  in 
shallow  water,  but  was  intended  only  for  long  deep  water  lines  whoe 
a  heavy  cable  could  not  be  laid.  A  cable  sufficiently  protected  with  t 
covering  of  iron  wire  would  be  so  heavy  that  it  would  be  impossiUe 
for  any  one  vessel  to  lay  it  down  across  the  Atlantic;  it  would  be 
necessary  to  stop  several  times  during  the  paying  out  to  attach  another 
length  of  cable,  and  that  would  be  fatal  to  the  whole  operation,  sinoe 
the  iron  would  be  strained  to  the  utmost  safe  limit  in  snch  a  cable  to 
support  itself  in  laying  it  to  a  depth  of  2000  fathoms^  A  copper 
sheathed  cable  of  the  size  now  exhibited,  d-8ths  inch  diameteri  woold 
bear  about  1}  tons  load,  and  therefore  aa  r^arded  the  l«eaking 
weight  it  compared  unfavourably  with  cables  covered  with  iron  wire : 
but  taking  into  consideration  its  lower  speeific  gravit^y  it  was  a  great 
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deal  stronger  thaa  an  iron  Bheathed  cable.  The  copper  sheathed  cable 
conld  be  siispended  freely  in  the  sea  to  a  depth  of  six  to  eight  miles 
before  breaking,  whereas  an  iron  covered  cable  wonld  break  at  three  or 
fonr  miles  depth:  and  this  he  considered  was  the  proper  view  to  take 
of  the  strength  of  the  cable  in  the  case  of  deep  water  cables. 

Mr.  W.  Pole  enquired  whether  in  the  coyering  of  telegraph 
cables  mlcanised  india-mbber  had  proved  sacoessfol  as  the  insniating 
material  for  covering  the  copper  conducting  coie. 

Mr.  0.  W.  BisMiKs  replied  that  it  was  only  upon  brass  that 
vnloaniaed  india-rubber  would  adhere  firmly,  and  brass  had  not 
conducting  power  enough  to  be  used  for  the  core ;  hitherto  he  believed 
no  wire  had  been  produced  of  copper  securely  covered  with  brass. 
There  were  also  other  practical  difficulties  in  the  way,  which  would 
prevent  vulcanised  india-rubber  from  being  used  as  a  covering. 

Mr.  T.  Hawkslet  observed  that  with  regard  to  the  use  of 
phosphorus  for  alloying  the  copper  for  sheathing  telegraph  cables, 
with  a  view  to  increase  the  durability  of  the  metal  by  enabling  it  to 
resist  the  action  of  the  sea  water,  it  was  a  well  known  fEhct  that  all 
pure  metals  had  strong  chemical  affinities,  and  Were  always  desiring 
to  combine  with  anything  else  with  which  it  was  possible  for  them  to 
combine  ;  and  accordingly  when  metals  were  perfectly  pure  they  were 
easily  destroyed.  Thus  in  cast  iron  water  pipes,  and  alfeo  in  the  use 
of  malleable  iron,  if  the  metal  were  pure  the  pipe  was  speedily 
destroyed,  either  by  action  from  within  or  from  without ;  in  water- 
works this  destruction  was  a  source  of  great  annoyance,  because  it  was 
continually  going  on,  and  if  the  metal  were  tolerably  pure  it  went  on 
with  such  rapidity  that  the  water  from  the  pipes  could  not  be  kept 
uncolonred.  Those  metals  however  which  were  not  quite  pure,  but 
contained  a  small  quantity  of  sulphur,  phosphorus,  silica,  or  carbon, 
resisted  the  action  of  the  water,  whether  from  within  or  from  without, 
much  better  than  the  pure  metals,  and  this  was  the  case  whether  the 
water  were  fresh  or  salt.  Hence  a  metal  of  the  quality  of  crude  steel 
resisted  corrosion  far  better  than  pure  iron ;  and  cast  iron  in  the  vitreous 
state,  or  white  metal,  as  it  came  from  the  furnace  before  undergoing 
the  process  of  puddling,  was  found  to  be  the  best  sort  of  metal  for  the 
manu&cture  of  water  pipes,  provided  it  was  not  so  hard  that  it  could 
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not  be  drilled  and  worked  in  the  manner  necessary  for  waterwori^s 
purposes.     There  seemed  therefore  good  reason  for  believing  that  the 
durability  of  the  copper  sheathing  now  proposed  for  telegraph  cables 
would  be  greatly  increased  by  alloying  the  copper  with  phosphorus. 
With  regard  to  the  transmission  of  an  electric  current  through  a 
telegraph  cable,  and  the  size  of  conducting  wire  required,  he  had 
made  some  experiments  on  the  subject  seyeral  years  ago,  and  then 
came  to  the  conclusion  that  the  transmission  of  electricity  through 
a    solid  conducting  rod  followed  precisely  the   same  law    as   the 
transmission  of  water  through  a  hollow  pipe ;   it  required  indeed  a 
different  coefficient  in  the  case  of  electricity,  but  in  all  other  respects 
the  la'w  appeared  to  be  exactly  the  same.     From  this  law,  which  he 
believed  had  been  generally  admitted  in  electricity  as  Ohm*s  law,  it 
followed  that  any  long  telegraph  cable  would  become  useless  unless  the 
conducting  wire  were  made  of  considerable  diameter  and  the  intensity 
of  the  battery  power  were  kept  exceedingly  low.    Any  cables  laid  with 
small  conducting  wires  to  a  distant  station  such  as  America  must 
necessarily  fail ;  because  if  a  high  intensity  of  current  were  employed 
in  endeavouring  to  obtain  great  velocity  there  would  be  an  explosion 
through  the  insulating  covering,  beginning  perhaps  with  only  a  very 
minute  perforation  at  first,  but  ultimately  destroying  the  value  of  the 
entire  cable.     The  actual  law  which  he  had  found  by  experiment  to 
obtain  in  regard  to  the  size  of  the  conducting  wire  was  that,  in  order 
to  maintain  an  equal  velocity  of  the  electric  current  through  varying 
lengths  of  cable  without  increasing  its  intensity,  the  diameter  of  the 
conducting  wire  must  be  increased  in  the  same  proportion  as  the 
length  ;  but  when  this  was  effected  the  quantity  of  electricity  expended 
was  as  the  fifth  power  of  the  square  root  of  the  diameter,  being  a 
rather  higher  proportion  than  that  of  the  square  of  the  diameter. 
Unless  this  proportion  were  observed  he  believed  that,  though  it 
might  not  be  impossible  to  transmit  signals,  yet  they  could  not  he 
transmitted  with  the  velocity  and  safety  necessary  to  make  a  very  hug 
submarine  cable  commercially  successful.     He  considered  the  main 
object  to  be  aimed  at  in  laying  long  lines  of  submarine  telegraphs 
ought  to  be  the  maintenance  of  the  necessary  velocity  of  the  current 
without  any  detrimental  increase  of  its  intensity. 
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Mr.  Jbnkih  thought  that  the  failures  of  submarine  telegraph 
cables  had  sometimes  been  considerably  magnified  bj  estimating  them 
in  an  incorrect  manner.  If  the  number  of  miles  that  had  been  laid 
were  simply  added  together,  and  then  the  number  that  had  proved 
successful  and  unsuccessful,  it  certainly  appeared  that  about  half  the 
total  length  laid  had  failed.  But  it  must  be  remembered  that  a  single 
fault  in  a  cable  2000  nules  long  was  sufficient  to  render  the  whole 
cable  a  failure,  even  though  all  the  rest  of  it  might  be  in  perfect 
condition ;  and  'he  therefore  considered  the  most  satisfactory  way  was 
to  take  the  whole  number  of  miles  laid,  and  the  total  number  of  faults 
that  had  occurred  in  them,  when  the  faults  would  be  found  to  bear 
but  a  small  proportion  to  the  miles  laid.  Out  of  28  cables  that  had 
been  laid  by  one  manufacturer  since  1854,  making  a  total  length  of 
about  3200  nautical  miles,  all  were  now  at  work  except  only  two 
short  cables;  and  of  the  rest  all  but  three  had  gone  on  without 
repair  from  the  commencement. 

The  causes  of  failure  were  many,  but  he  believed  that  in  nine 
cases  out  of  ten  the  failure  was  accompanied  by  a  break  in  the  copper 
conductor.  If  there  were  merely  a  fault  in  the  insulating  covering  of 
the  cable,  without  the  copper  conductor  being  broken,  messages  could 
still  be  transmitted  for  a  certain  time ;  and  he  thought  the  failures 
that  had  occurred  in  the  cables  across  the  English  Channel  and 
elsewhere  had  been  almost  always  accompanied  by  a  total  breakage  of 
the  conducting  wire.  Some  fiailures  had  no  doubt  been  caused  by  small 
faults  and  impurities  existing  in  the  insulating  gutta-percha  before 
the  cable  was  laid ;  but  he  did  not  think  that  faults  in  the  gutta- 
percha were  ever  occasioned  by  electrolysis,  as  he  believed  that 
gutta-percha  in  the  situation  in  which  it  was  placed  in  a  telegraph 
cable  was  not  capable  of  being  decomposed  by  the  passage  of  an 
electric  current  along  the  cable.  He  had  tried  the  experiment 
repeatedly  by  putting  thin  films  of  gutta-percha  of  the  same  kind 
between  copper  and  water,  in  the  condition  in  which  it  would  be  in  a 
telegraph  cable,  and  had  been  unable  to  decompose  it  by  any  available 
strength  of  battery.  It  would  require  an  exposed  point  of  metal  and 
the  passage  of  an  electric  spark  in  order  to  decompose  the  gutta- 
percha, and  he  had  never  seen  any  evidence  of  holes  being  burnt  in  that 
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way  in  a  telegraph  cable.  The  currents  nsed  in  signalling  did  however 
increase  any  faults  previously  existing  in  the  insulating  material 
due  to  air  holes,  impurities,  or  mechanical  injury  received  after  the 
manufacture.  At  these  points  a  certain  fraction  of  the  current  passed 
from  the  copper  conductor  to  the  sea,  and  in  its  passage  increased  the 
fault  both  by  its  chemical  action  and  by  the  heat  developed.  A  larger 
and  larger  fraction  of  the  current  was  thus  diverted,  until  the  hvli, 
small  at  first,  became  so  considerable  that  if  powerful  currents  were 
used  heat  enough  was  developed  even  to  melt  the  gutta-percha :  in 
this  way  a  considerable  portion  of  the  copper  wire  became  exposed,  and 
a  considerable  leak  established.  It  had  been  the  practice  then  to  use 
more  and  more  powerful  currents,  which  aggravated  the  injury :  and 
moreover  positive  currents  instead  of  the  ordinary  negative  currents 
used  to  be  employed,  because  by  the  oxidation  which  they  produced  a 
temporary  sealing  up  of  the  fault  was  effected  ;  this  however  was  done 
at  the  expense  of  the  copper,  which  was  gradually  eaten  away.  At 
last  by  this  action  the  copper  was  totally  severed,  and  then  and  not  till 
then  all  the  signals  failed  entirely.  This  he  believed  had  been  what 
had  taken  place  in  almost  all  the  failures  where  the  cable  itself  had 
not  been  broken. 

But  although  some  failures  had  occurred  from  imperfections  in  the 
core  or  insulated  wire,  the  cause  of  failure  in  the  great  majority  of  casei 
had  been  the  failure  of  the  outside  covering ;  and  he  entirely  concorred 
in  considering  that  the  outside  covering  was  now  the  most  important 
part  of  a  submarine  telegraph  cable,  because  the  interior  portion  conid 
now  he  believed  be  satisfactorily  manufactured,  tested,  and  preserved. 
In  regard  to  the  durability  of  copper  for  the  sheathing  of  a  caUe,  one 
point  that  it  was  important  not  to  overlook  was  the  electrical  condition 
of  the  copper  itself,  whether  more  or  less  electro-negative,  which  had 
a  material  bearing  upon  the  durability  of  the  metal.  This  condition 
appeared  to  be  greatly  affected  by  the  temper  of  the  metal,  and  in  the 
case  of  ships'  sheathing  it  varied  considerably  even  in  different  parts  of 
a  single  sheet  of  metal,  which  he  thought  would  account  for  the  unequal 
wear  observed  in  different  portions  of  the  sheathing  of  a  ship's 
bottom :  a  few  bad  places  were  not  of  so  much  consequence  in  a  ship's 
sheathing,  but  would  be  of  serious  moment  in  the  sheathing  of  a 
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telegraph  cable,  by  destroTing  the  strength  of  the  outside  covering 
and  allowing  the  cable  to  break. 

In  reference  to  the  difficalty  that  had  been  mentioned  of  paying 
out  a  cable  safely  when  covered  with  iron  wire  sheathing,  owing  to  the 
risk  of  a  broken  wire  sticking  out  and  catching  on  the  paying  out 
wheel,  the  ''  brash  "  as  it  was  called,  produced  by  the  running  up  of 
the  wire  on  these  occasions,  certainly  looked  formidable  when  seen  for 
the  first  time ;  bat  in  several  hundred  miles  of  telegraph  cable  that  he 
had  seen  paid  out  he  knew  of  no  such  instance  which  had  been 
attended  with  any  fracture  or  any  apparent  injury  to  the  cable. 

The  Chairmak  moved  a  vote  of  thanks  to  Mr.  Jenkin  for  his 
paper,  which  was  passed,  and  also  to  the  several  manufacturers  who 
had  kindly  lent  the  large  number  of  spedmens  of  submarine  telegraph 
cables  exhibited  in  connexion  with  the  paper. 


The  two  following  papers,  communicated  through  Mr.  William 
Bimpson  of  London,  were  then  read,  the  discussion  on  the  two  being 
taken  together : — 
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ON  THE 
DOUBLE  CYLINDER  EXPANSIVE  STEAM  ENGINE. 


By  Mb.  WILLIAM  POLE,  of  London. 


•The  greatest  advances  made  in  the  improvement  of  the  steam 
engine,  as  an  economical  means  of  obtaining  motive  power,  have 
resulted  from  the  application  of  the  principle  of  expansion,  the 
advantages  of  which  are  now  well  kftown  and  universallj  apprecitted 
among  engineers.  This  principle  has  hitherto  been  applied  to  the 
greatest  advantage  in  engines  with  a  single  cylinder,  nsed  for  pumping 
purposes,  as  in  Cornwall.  In  these  cases  the  pecoliar  nature  of  the 
motion  admits  of  the  steam  being  cat  off  after  a  small  fraction  of  the 
stroke  has  been  passed  over,  and  allowed  to  expand  daring  the 
remainder.  When  however  the  principle  of  expansion  is  applied  in 
this  mode  to  engines  for  producing  rotary  motion,  some  difScnlties 
arise,  which  limit  considerably  the  extent  that  the  expansion  may  be 
carried  to,  and  therefore  reduce  in  a  corresponding  degree  the  economj 
attained. 

The  Double  Cylinder  Engine  offers  a  mode  of  applying  tiie 
expansive  principle  to  rotary  motion,  which  removes  or  at  least  greatlj 
mitigates  the  objections  to  the  single  cylinder  :  and  it  is  the  object  of 
the  present  paper  to  state  the  nature  of  the  advantages  of  the  double 
cylinder  engine,  to  explain  the  principles  on  which  they  are  based,  and 
to  show  how  these  principles  have  been  carried  out  in  practice  vith 
satisfactory  results. 

The  original  invention  of  the  double  cylinder  engine  is  intimately 
connected  with  the  discovery  and  first  application  of  the  principle  of 
expansion  itself ;  but  the  unfortunate  disputes  which  for  a  long  time 
prevailed  in  reference  to  this  subject  have  somewhat  obscured  the 
history.  Having  had  occasion  however  some  years  ago  to  investigate 
the  matter,  the  author  believes  the  following  account  represents  the 
facts  as  accurately  as  they  can  be  ascertained. 
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The  doable  cylinder  engine  was  invented  by  Jonathan  Hornblower, 
a  mechanical  engineer  of  considerable  eminence  in  Cornwall,  who  took 
an  important  part  in  the  application  of  the  steam  engine  in  that 
district  during  the  early  part  of  Watt's  career.  The  idea  appears  to 
have  oocarred  to  him  early  in  the  year  1776,  if  not  before.  He 
experimented  upon  a  large  working  model,  the  cylinders  of  which  were 
11  and  14  inches  diameter  respectively  ;  and  he  published  his 
invention  in  1781,  describing  it  as  consisting  in  the  employment  of 
two  steam  cylinders,  the  steam  after  it  had  acted  in  the  first  cylinder 
being  employed  a  second  time  in  the  other,  by  permitting  it  to  expand 
itself,  the  two  cylinders  being  connected  together  by  suitable  steam 
ports  and  valves.  At  the  same  time  he  described  also,  shortly  but 
clearly,  several  other  inventions  relating  to  the  steam  engine :  one 
referring  to  surface  condensing,  which  is  so  much  applied  in  modern 
days  ;  others  to  means  of  getting  rid  of  the  air  and  condensed  water  ; 
and  another  invention  was  a  steam  piston,  which,  altered  into  a  steam 
staffing-box,  is  in  common  use  at  the  present  time.  Here  therefore 
was  clearly  developed  the  theoretical  principle  as  well  as  the  practical 
application  of  the  expansion  of  steam ;  and  it  is  beyond  dispute 
that  the  first  publication  of  the  principle  to  the  world  was  this  of 
Homblower's.  The  discovery  of  this  principle  however  is  usually 
ascribed  to  Watt,'  on  the  strength  of  a  letter  written  by  him  to  his 
friend  Dr.  Small  of  Birmingham  as  early  as  1769,  twelve  years  before 
Homblower  published  his  description  ;  in  that  letter  Watt  gives  a 
clear  and  explicit  description  of  the  general  principle  of  expansion. 
Notwithstanding  however  the .  large  practice  Watt  had  about  this 
time,  it  does  not  appear  that  he  ever  applied  expansion  with  any  view 
to  economy  in  its  use  till  1776,  when  an  engine  at  the  Soho  works  was 
altered  to  work  expansively.  In  1778  another  engine  at  Shadwell  was 
experimented  upon,  and  Watt  published  his  invention  in  reference  to 
expansion  in  1782,  eight  months  after  the  publication  of  Hornblower's. 
The  over-zealous  friends  of  Watt,  who,  in  a  spirit  so  contrary  to  that 
of  the  great  man  himself,  have  sought  to  exalt  his  fame  at  the 
expense  of  another's,  have  charged  Homblower  with  pirating  the 
principle,  from  surreptitious  information  of  Watt*s  experiments  ;  but 
no  proof  was  ever  given  of  the  accusation.     It  is  not  only  highly 
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improbable  in  itself,  bat  is  altogether  negatired  bj  the  fact  that  the 
originality  of  the  invention  on  Homblower's  part  was  expreselj 
admitted  bj  Watt  himself.  It  may  therefore  be  concluded  that  the 
diseoTcry  of  the  expansive  use  of  steam,  one  of  the  most  important 
afad  valuable  principles  in  the  whole  range  of  practical  seienoe,  wif 
original  both  with  Watt  and  Homblower ;  and  altbongh  Watt  has 
established  the  priority  of  the  idea,  the  first  pnblication  of  it  to  the 
world  was  made  by  Homblower  in  the  donble  cylinder  engine. 

After  some  years  delay,  Homblower  proceeded  to  mannfactare  kii 
engines  in  Cornwall ;  and  the  miners  perceiving  that  the  doaUe 
cylinder  engine  acted  tolerably  well  took  Advailtage  of  it  somewhat 
largely,  and  in  some  cases  endeavonred  to  make  it  supersede  Watt'a 
single  cylinder  expansive  engine,  which  had  also  then  been  brought 
extensively  into  use.  But  as  it  was  impossible  to  make  Homblower*8 
engine  work  well,  without  using  Watt's  separate  condenser^  invented 
in  1769,  the  competition  could  not  be  kept  up,  and  the  double 
cylinder  engine  consequently  fell  for  a  time  into  disuse* 

Both  Watt  and  Homblower  had  failed  to  perceive  that,  to  work 
the  principle  of  expansion  to  its  full  advantage,  it  was  necessary  that 
the  steam  should  be  admitted  to  the  cylinder  in  the  first  instanoe  at 
considerable  pressure,  Down  to  the  year  1814,  the  pressure  of  the 
steam  in  the  Cornish  engines  never  much  exceeded  that  of  the 
atmosphere ;  and  so  little  economy  resulted  in  practice  from  the 
application  of  expansion  with  this  initial  pressure  that  it  was  found 
EK^arcely  worth  using  at  all ;  indeed  after  Wattes  immediate  connexion 
with  the  district  ceased,  expansion  was  rapidly  becoming  disused  aAd 
forgotten.  Tbe  merit  of  rescuing  it  from  this  neglect  belongs  to  two 
Cornish  men,  Richard  Trevithick  and  Arthur  Woolf ;  who  both  about 
the  same  time  introduced  into  their  nativd  district  the  trae  means  of 
advantageous  expansion,  namely  the  use  of  high  pressure  steam. 
Trevithick  implied  this  to  Watt's  single  cylinder  engine;  Woolf 
applied  it  to  Homblower's  double  cylinder  engine.  The  two  forme 
of  engine  thus  for  the  Second  time  became  rivals,  and  competed  well 
with  each  other  for  Aiany  years  ^  btit  it  is  only  with  Woolfe 
modification  that  the  author  is  now  concerned. 
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Woolf  puliikhed  his  iBvention  ia  1804,  wbile  reiidiag  in  London. 
It  ooiwiated  simply  in  the  Application  of  liigh  preesuce  steam  to 
Homblower's  4loahle  cylinder  engine,  which  he  also  made  double- 
aoluig  to  £t  it  £or  rotai^  motion  after  the  exan^)l6  aet  by  Watt  long 
iMfcre.  It  IB  obrions  tiierefoire  that  ihe  name  **  Woolf  s  engine/'  by 
which  it  IB  80  often  deajgnaAed,  is  quite  enronQona.  The  engine  if 
estirely  and  .aolely  Qomblower's  invention,  jumL  there  if  no  moi« 
gnmnd  ior  calling  it  Woolf  a  than  for  calling  the  pseaent  Comifh 
je^gine  Trevithick's ;  lor  JCrenthiek  made  the  aame  change  with  this 
latter  engine  rthat  Woolf  did  with  'the  former,  yet  no  one  would 
<ak  thai  aoooaut  ihuiik  of  disconnecting  Watt's  name  from  his  own 
CBgina;  iM^d  on  the  aame  gcoond  iBomUower  onght  not  to  be 
depiiFed  of  the  credit  which  the  association  of  ihis  name  wiUi  Jiis  own 
inrentioB  ahonld  seoore  to  him.  Woolf  a  ideas  cespeoting  the  laws  qf 
die  «xpBnnoB  of  'high  .preasove  steam  were  veey  cqide,  and  it  if 
.diffianlt  to.oaneaiTe  how  n  .man  ai  snoh  excellent  praotioal  knoiirledga 
eonld  hme  deluded  himself  into  the  belief  of  theories  so  palpably 
absurd  bs  those  he  laid  down,  upon  which  >he  baf ed  his  statements  aa 
to  the  proposed  advantage  to  be  derived  from  the  use  of  high  pressure 
Bteam.  But  although  he  was  bo  .essentially  in  ^enor  .on  .poiqts  of 
tiieoiy,  he  was  not  wrong  in  foretelling  .that  Bisoh  /adFantage  .migbt 
nltimstely  he  gained  by  the  nse  he  proposed  to  make  of  high  pre^f  nra 
atrnm  ;  j»  was  ^xnrad  beyond  b  doubt  when  his  ongines  isame  )to  he 
fiirly  tried.  His  strong  point  was  skill  in  meohanioal  detail ;  and  his 
improvements  of  the  engine  in  this  rtt^koet.ware  almost  innuBMcable, 
ifor  there  was  scanoely  a  single  part  which  did  not  ceceive  .some 
benafieial  alteaatioBat  his  hands.  Woolf  s  first  engine  was  ensetad 
in  1806  ait  Meia's  brewery  in  London,  to  which. establishment  he  w^s 
engineer,  Bnd  ■snbseqfaently  others  were 'fixed  in  wrious  manufMtories ; 
bat  these  «hd  little  more  than  serve  him.BS  expenaoBnts  imtil  1819 > 
when  he  returned  to  ressie  in  Cornwall.  .Here  he  foand  b  .wide  .field 
4)pen  for  his  improvements ;  he  entered  in  earnest  into  the  mannfaetnre 
of  the  engines,  and  they  were  highly  suooessful.  The.neiw  doetrsne.pf 
high  pressure  steam  produced  <|«ite  «  revolution  in  the  ooBSBmpti^n 
ef  fbel  there  ;  for  he  at  onoe  raised  the  duty  from  about  20  milli<»s, 
at  ^HMch  Watt  had  ktft  it  (that  is  -20  million  lbs.  raised  one  foot  high 
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with  the  consumption  of  one  bnshel  or  94  lbs.  of  coal),  to  between 
50  and  60  millions,  thereby  saving  two  thirds  of  the  fael  emplojed. 

But  though  Woolf  was  so  suocessfnl,  the  Cornish  engineers  sbortlj 
began  to  see  that  Trevithick's  plan  of  using  high  pressure  steam 
expansively  in  the  single  cylinder  engine  promised  equally  good 
results  with  Woolf  s,  and  at  the  same  time  got  rid  of  the  objectionable 
complexity  of  the  double  cylinder  arrangement.  Trials  on  a  large 
scale,  in  which  even  Woolf  himself  was  persuaded  to  assist,  soon 
demonstrated  this  to  be  true  ;  the  more  expensive  construction  began 
to  be  abandoned  in  the  mines,  and  the  Cornish  engine  gradually 
settled  down  into  its  simplest  form ;  namely,  a  single  engine  on 
Boulton  and  Watt's  construction,  but  with  Trevithick*s  high  pressure 
steam  and  high  pressure  boiler ;  which  form  it  has  retained  to  the 
present  day.  Thus  although  the  double  cylinder  engine  was  the  fint 
in  which  the  principle  of  expansion  was  originally  introduced  to  the 
world,  and  about  thirty  years  afterwards  was  also  the  first  in  whidi 
this  principle  was  made  effective  and  advantageous,  yet  in  both  cases 
it  was  ultimately  superseded  by 'the  more  simple  form  of  engine. 

It  remains  now  to  give  some  account  of  the  third  eraof  prominenoe 
attained  by  the  double  cylinder  engine,  in  its  revival  at  the  present 
day.  In  this  revival  many  modem  engineers  have  aided ;  but  the 
author  considers  it  the  safest  course  to  confine  himself  to  the 
statement  of  his  own  experience,  leaving  it  to  others  to  give  an 
account  of  what  they  may  have  done. 

In  1848  the  Lambeth  Water  Works  Company,  on  the  advice  of 
their  engineer,  Mr.  James  Simpson,  took  the  bold  measure  of 
proposing  to  remove  their  source  of  supply  to  the  bank  of  the 
Thames  at  Long  Ditton  above  the  tide  way ;  and,  as  a  part  of  this 
scheme,  it  became  necessary  to  force  the  water  by  steam  pumping 
power  along  a  cast  iron  main,  nine  miles  long  and  30  inches 
diameter,  from  the  source  to  the  reservoirs  at  Brixton  Hill.  This 
problem  was  a  difficult  one,  no  experience  on  so  great  a  length  of 
large  main  having  then  been  obtained.  The  great  mass  of  water  in 
motion  along  the  main,  combined  with  the  fragile  nature  of  the  cast 
iron,  rendered  it  essential  that  the  motion  should  go  on  in  the  most 
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eqaable  manner  and  that  concussions  or  irregularities  of  pressure 
should  be  as  much  as  possible  avoided  ;  otherwise  frequent  fracture  of 
the  pipes,  fraught  with  serious  consequences  to  the  district  they 
passed  through,  might  be  looked  upon  as  almost  certain.  At  the 
same  time,  from  the  large  steam  power  required,  it  became  necessary 
that  all  possible  improvements  in  regard  to  economy  of  fuel  should  be 
adopted.  At  that  time  the  Cornish  single  cylinder  expansive  engine, 
which  had  been  introduced  into  London  by  Mr.  Wicksteed,  had  been 
Bomewhat  extensively  tried  for  waterworks  purposes,  and  had  justified 
its  well  known  Cornish  reputation  for  economy;  but  as  grave  objections 
appeared  to  present  themselves  to  its  use  in  this  case,  on  account  of  the 
imgnlarity  of  the  single  action,  it  was  determined  to  ascertain  whether 
the  other  form  of  expansive  engine,  the  double  cylinder,  would  not 
pro?e  more  applicable;  and  since  the  importance  of  the  case  required 
the  most  careful  consideration,  the  author  was  commissioned,  in 
conjunction  with  Mr.  David  Thomson,  to  investigate  the  subject 
generally,  with  a  view  to  the  advantageous  attainment  of  the  desired 
economy. 

In  commencing  this  investigation  it  was  found  that  the  double 
cylinder  engine  had  already  been  to  some  extent  revived,  and  that 
modem  examples  of  it,  some  of  considerable  size,  were  working  in 
various  parts  of  the  country.  These  were  visited  and  their  action 
carefully  examined ;  but  it  did  not  satisfactorily  appear  that  any 
engmes  then  met  with  were  sufiBciently  favourable  instances  of  the 
application  of  the  expansive  principle.  The  expansion  had  not  been 
carried  to  a  sufficient  extent  to  produce  great  economy,  nor  arranged 
in  the  best  manner  to  attain  equality  of  motion  ;  and  the  arrangement 
of  the  valves  and  passages  was  generally  so  defective  as  to  cause  great 
loss  of  power  and  waste  of  fuel.  Notwithstanding  these  unfavourable 
results  however  an  attentive  study  of  the  principles  of  the  engine  led 
to  the  conclusion  that,  with  a  well  considered  design  carefully  carried 
oat  into  practice,  the  double  cylinder  arrangement  promised  not  only 
to  be  eminently  suited  to  the  case  in  question,  but  also  generally  to 
oflfer  a  more  beneficial  application  of  the  principle  of  expansion  to 
engines  for  rotary  motion  than  could  be  attained  with  a  single 
cytinder.     In  accordance  with  these  views,  when  the  Lambeth  Water 
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Worire  EhctennoB  tcbenie  was  cameil  iato  effeet,  foor  Itrge  double 
cyUmder  engiiMS  were  derigsed  of  600  total  hone  poller,  Hie  wotkbg 
of  whick  has  lallj  justified  the  expectatieniB  eBtertaiaed  of  thnr 
adiv^aintages ;  tiieir  nee  has  been  iFpeedtl  j  and  larg^  extended  to  eliicr 
caees-;  and  the  eoundness  of  the  principles  on  wlndi  thej  vsn 
oonstreeted  may  bow  be  said  to  have  been  Mlj  proved. 

The  ganetvl  theory  of  the  doable  eylinder  engine  is  so  weii  knom 
that  it  is  nnneoessary  to  lepeat  it  here ;  the  -anthor  proposes  ihenfoic 
to  confine  his  remasks  to  such  points  as  are  of  intereet  and  importtaee 
in  ehwidating  the  adrnrtages  of  this  fonn  of  engine. 

In  the  fint  place,  in  comparing  the  doable  with  the  mnglec/baiiK 
iongine  it  is  a  mistake  4o  ^oppose  ihat  there  is  any  Iheoietieii 
ladvmntage  on  either  ihe  one  side  or  the  other,  in  or^paid  te  (he 
'economical  •effect  of  the  expansioii.  It  was  shown  by  W«tt  in  aa 
■ingenioaB  way  «t  a  very  early  period,  said  it  is  ^monstEatod  m  the 
appendix  to  this  paper,  thai  ihaoretioally,  if  ^e  ateam  rbe^ezpaadsd  to 
the  same  extent,  the  economical  advantage  to  be  derived  from  the 
^expansion  will  be  precisely  lihe  aanfts,  whichever  iatm  of  engine  be 
adopted  for  the  spplication.  And  it'forther  resalts  from  the  piineipleB 
of  iho  ei^ne  that,  for  a  given  initial  pressore  of  steam  and  a  gim 
degree  of  expansion,  the  power  of  the  engine,  measared  by  the  mA 
it  will  do  in  each  stroke,  depends  on  the  size  of  the  large  <qflindsr  enlf, 
'-and  is  precisely  the  same  as  that  prodoeed  in  a  single  expaowve 
cylinder  of  the  uans  content.  The  smi^l  cylinder  has  no  effect  in 
adding  power,  bat  is  merely  an  appendage,  osefal  only  for  modifyiBg 
the  arrangement  of  the  expansion  and  eqaalieing  the  'Steam's  aotioa 
during  the  stroke. 

The  important  objeotioa  however  against  oairyingeKpa&aion  toaay 
great  extent  in  a  single  cylinder  for  rotairy  motion  is  the  fveet 
imgnlarity  of  pressare  at  different  parts  of  the  stroke.  For  example, 
if  the  eteam  be  expanded  in  a  single  cylinder  to  stxiames  its  original 
vohime,  by  cutting  it  off  when  one  sixth  of  the  stroke  has  been  passed 
over,  the  motive  force  acting  on  thepiston  will  be  six  times  as  gicit 
at  the  commencement  of  the  stroke*  as  -at  the  end.  '  The  accorapanjiag 
theoretical  diagiam,  Fig.  1,  mateiSS,  of  the  vaiying  ptessnre  of  the 
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steun  thronglioiit  the  stroke,  when  expanded  six  thneg  in  a  single 
cylinder,  shows  that,  assuming  the  mean  total  pressure  to  be  100,  the 
pressure  at  the  commencement  will  be  215,  and  at  the  end  only  36; 
giving  an  irregularity  of  179.  The  calculation  of  this  and  the 
subsequent  theoretical  diagrams  is  explained  in  the  appendix.  It  is 
evident  that  the  effect  of  the  great  excess  of  pressure  will  be  to  give  a 
heavy  blow  to  the  piston  at  the  beginning  of  every  stroke,  which  must 
produce  violent  concussions  through  the  whole  of  the  machinery  and 
tend  to  produce  much  mischief  and  inconvenience  in  the  working.  In 
proportion  as  a  greater  degree  of  expansion  is  used,  the  evil  will  be 
greater.  For  example,  if  ten  times  expansion  be  used,  the  force  of  the 
blow  at  the  commencement  will  be  303,  while  the  mean  pressure  in  the 
cylinder  is  still  only  100  as  before*  For  this  reason  in  single  cylinder 
engines  it  has  been  found  difficult  to  carry  the  degree  of  expansion  and 
the  consequent  economy  to  the  same  extent  with  the  rotary  as  with 
the  single-acting  pumping  engines.  In  the  latter  the  piston  and  all 
its  connexions  are  free  to  move  under  the  action  of  the  steam  pressure ; 
and  therefore  tlie  excess  of  pressure  at  the  commencement  of  the  stroke 
is  at  once  absorbed  in  giving  velocity  to  the  mass,  and  does  no  further 
harm :  but  in  a  rotary  engine,  the  piston  being  controlled  in  its 
motion  by  the  crank  and  flywheel  resists  the  violent  impact,  which 
occurs  at  the  point  when  it  is  least  able  to  give  way ;  and  the 
consequenoe  most  inevitably  be  a  violent  strain,  repeated  many  times 
every  minute,  which  must  ultimately  have  a  prejudicial  effect  upon  the 
machinery.  The  advantage  of  the  double  cylinder  engiae  is  that  it 
mitigates  this  evil  ^  for  when  its  principles  are  properly  understood  and 
apptied,  it  enables  ihe  economical  benefit  of  a  high  degree  of  expansion 
to  be  obtained  with  muoh  less  irre^larity  of  pressure  than  in  the 
single  cylinder. 

in  the  original  double  cylinder  engines  of  flomblower  and  Woolf 
the  steam  was  allowed  to  act  first  in  the  small  cylinder  at  full  pressure 
throughout  the  whole' of  its  length,  and  then  to  expand  into  the  larger 
one,  the  proportionate  cubic  content  of  the  two  cylinders  thus  defining 
the  degree  of  expansion  made  use  of:  and  it  is  believed  that  this 
method  of  working  was  that  most  commonly  used  down  to  the  time  of 
the  inveetagatioBS  already  referred  to  in  1848.     But  an  enquiiy  into 
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the  principles  of  action  of  the  engine  shows  that  it  is  most  advistble 
not  to  allow  the  steam  to  enter  the  small  cylinder  during  the  whole 
stroke,  hnt  to  cnt  it  off  after  a  certain  portion  of  the  stroke  has  been 
passed  over,  and  to  allow  the  expansion  to  commence  at  that  point. 
And  it  is  an  important  fact,  which  the  anthor  belieres  not  to  hare 
been  known  nntil  published  by  himself  and  Mr.  Thomson  in  1851, 
that  there  is  a  certain  point  of  the  stroke,  depending  on  the  degree  of 
expansion  made  use  of,  at  which  it  is  more  adrantageons  to  cnt  off  the 
steam  than  at  any  other ;  for  the  reason  that  the  irregnlarity  in  the 
motive  power,  which  it  is  so  desirable  to  mitigate,  is  then  reduced  to 
a  minimum. 

For  example,  if  the  mean  motive  power  of  the  engine  be  represented 
by  100,  and  the  extent  of  expansion  adopted  be  six  times,  then  in  a 
single  cylinder  engine  the  initial  blow  on  the  piston  at  the  commencement 
of  the  stroke,  as  previously  stated,  will  be  represented  by  215,  is 
shown  in  the  diagram,  Fig.  1,  Plate  69.  In  a  double  cylinder  engine, 
if  the  steam  is  allowed  to  enter  during  the  whole  of  the  stroke  of  the 
small  cylinder,  the  initial  blow  will  be  the  same  in  amount  as  in  the 
single  cylinder  engine,  namely  215,  as  shown  in  Fig.  2  ;  the  duration 
of  the  blow  however  is  only  momentary,  as  compared  with  that  in 
Fig.  1 ,  where  it  continues  through  one  sixth  of  the  stroke.  Bnt  if 
the  steam  is  cut  off  in  the  small  cylinder  at  41  per  cent,  of  the  stroke, 
the  initial  blow  is  reduced  to  only  140,  as  shown  in  Fig.  3  ;  and  this 
is  the  minimum  blow  that  can  be  obtained  with  the  expansion  of  six 
times,  for  on  cutting  off  earlier  at  25  percent,  of  the  stroke  the  initial 
blow  is  increased  again  to  161.  In  the  diagrams,  Plate  69,  the 
comparative  motive  power  is  shown  in  each  case  throughout  the  whole 
stroke  of  the  engine,  for  the  expansion  of  six  times. 

It  thus  appears  that,  as  regards  a  degree  of  expansion  of  six  times, 
if  this  expansion  be  effected  in  a  single  cylinder,  the  machinery  of  the 
engine  will  have  to  bear  a  sudden  blow  at  the  commencement  of  the 
stroke,  as  much  as  115  per  cent,  greater  than  the  mean  force  due  to 
the  effective  power  of  the  engine.  Next,  if  a  double  cylinder  engine 
be  employed,  and  the  steam  be  allowed  to  enter  during  the  whole  stroke 
of  the  small  cylinder,  but  little  improvement  is  effected  ;  the  blow  at 
the  commencement  is  as  great  as  in  the  single  cylinder,  only  lasting  a 
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shorter  tiine.  But  if  the  same  engine  be  so  arranged  that  the  steam 
is  cut  off  in  the  small  cylinder  at  the  proper  point  of  the  stroke,  the 
initial  blow  may  be  reduced  from  115  per  cent,  to  only  40  per  cent, 
in  excess  of  the  mean  force ;  and  thus  a  real  and  most  beneficial 
improyement  may  be  effected  in  the  action  of  the  engine.  This  most 
adrantageous  point  of  the  stroke  for  cutting  off  is  determined  by 
calculation  in  the  appendix,  and  it  varies  with  the  extent  of  expansion 
adopted  in  the  engine. 

The  following  table  shows  the  best  point  of  cut  off  under  various 
degrees  of  expansion,  with  the  corresponding  results  in  the  double 
cylinder  and  single  cylinder  engines.  The  first  colunm  gives  the 
number  of  times  the  steam  is  to  be  expanded  ;  the  second  shows  the 
percentage  of  the  stroke  at  which  the  steam  will  best  be  cut  off  in  the 
small  cylinder  ;  the  third,  the  corresponding  proportionate  area  of  the 
small  cylinder  in  percentage  of  the  large  one,  the  length  of  stroke 
being  the  same  in  both ;  and  the  two  last  columns  show  the 
comparative  advantage  of  the  double  over  the  single  cylinder  engine  in 
respect  to  the  excess  of  the  initial  blow  over  the  mean  motive  force. 
The  calculation  of  these  results  is  explained  in  detail  in  the  appendix. 

Table  showing  Best  Point  of  Cut  Off  in  double  cylinder  engine 

with  different  degrees  of  expansion, 
and  Comparative  Initial  Blow  in  double  and  single  cylinder  engines. 


Knmber  of  times 

steun 

ia  expanded. 

Best  Point  of 
Cut  off 

Percentage 
of  stroke. 

CapadtT  of 

small  cylinder 

in  percentage  of 

large  cylinder. 

Comparative  Initial  Blow, 
the  mean  motive  force  being  100. 

Double  Cylinder 
engine. 

Single  Cylinder 
engine. 

4  times 

6  times 

8  tunes 

10  timeH 

Per  cent 
50 

41 

85 

82 

Per  cent. 
50 

41 

85 

82 

• 

126 
140 
151 
161 

168 
215 
260 
808 

A  comparison  of  the  two  last  columns  shows  that  for  a  high  degree  of 
expansion,  such  as  eight  or  ten  times,  the  excess  of  the  initial  blow 
over  the  mean  force  of  100  is  less  than  one  third  as  great  in  the 
doublo  cylinder  as  in  the  single  cylinder  engine.     It  is  clear  that  the 

K  2 
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amount  of  this  initial  blow  is  the  maximum  strain  on  the  whole  of  the 
machinery  by  which  the  steam  power  is  transmitted  from  the  piston  to 
the  flywheel y  and  it  conseqnently  determines  the  strength  of  the 
yarions  parts  necessary  to  resist  this  strain.  Hence  in  proportion  as 
the  initial  blow  can  be  reduced,  all  these  moving  parts  are  required  to 
be  less  massiye  in  constmction ;  and  all  are  subject  to  mudi  less 
violent  causes  of  fracture  and  derangement  in  their  working. 

Another  point  of  improvement  to  which  the ,  attention  of  the 
author  and  Mr.  Thomson  was  prominently  directed  was  the 
arrangement  of  the  valves  and  steam  passages  in  the  double  cylinder 
engine.  In  the  engines  they  had  the  opportunity  of  examining, 
the  system  of  valves  commonly  used  was  not  only  complicated, 
inconvenient,  and  expensive  in  construction,  but  also  wasteful  in 
action ;  the  great  size  and  disadvantageous  arrang^ements  of  the 
passages  caused  considerable  waste  of  steam  and  consequent  loss  of 
power  and  fuel.  There  is  a  peculiarity  in  the  double  cylinder  engine 
in  its  requiring  a  pipe  or  passage  of  some  kind  through  which  the 
steam  must  travel  from  one  end  of  the  small  cylinder  to  the  opposite 
end  of  the  large  one  ;  and  this  passage  should  evidently  be  as  smaD 
in  content  as  possible,  consistently  with  allowing  the  free  passage  of 
the  steam.  When  the  communication  is  opened  at  the  end  of  the 
stroke,  the  steam  passing  from  the  small  cylinder  has  to  expand  and 
fill  this  passage  before  it  enters  the  large  cylinder ;  and  if  the  passage 
be  large,  the  steam  must  necessarily  suffer  a  reduction  of  pressure  in 
so  doing,  which  must  seriously  diminish  its  effective  action  on  the 
large  piston  during  the  future  stroke,  and  so  cause  much  loss.  In 
some  engines  the  author  found  this  loss  so  great  as  to  waste  nearly 
half  the  power  of  the  engine ;  and  even  in  the  best  that  were  examined 
such  a  considerable  percentage  of  loss  occurred  as  almost  to  neutralise 
the  benefit  of  expansion  altogether. 

Much  attention  was  therefore  given  to  this  point  in  designing  the 
new  engines  ;  and  it  was  found  essential  to  the  success  of  the  engines 
that  some  arrangement  of  valves  should  be  adopted  which  should 
satisfy  the  following  conditions : — ^first,  that  they  should  be  of  the 
simplest  possible  character  and  free  from  liability  to  derangement; 
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second,  that  thej  should  admit  of  the  steam  being  cut  off  firom  the 
Bmall  cylinder  at  such  a  point  as  might  be  necessary  to  secure  the 
required  regularity  in  the  motive  power  of  the  engine ;  and  third, 
that  they  should  give  the  clearance  spaces  the  smallest  content  possible, 
and  in  particular  should  allow  the  passage  between  the  two  cylinders 
to  be  direct  and  unimpeded  and  of  no  larger  capacity  than  absolutely 
necessary  for  the  passage  of  the  steam.  It  was  further  found 
conduciye  to  economy  that  the  passage  between  the  two  cylinders 
should  if  possible  never  be  opened  either  to  the  high  pressure  steam  or 
to  the  condenser,  and  should  moreoyer  be  carefullj  protected  from 
cooling. 

A  construction  of  valve  was  accordingly  introduced  which  combined 
all  these  conditions ;  and  was  found  in  its  practical  working  to  be 
very  satisfactory.  The  detailed  description  of  this  valve  will  be  given 
in  the  succeeding  paper  by  Mr.  Thomson. 


APPENDIX. 

Analytical  inveatigation  of  the  principles 
of  the  Double  Cylinder  Expansive  steam  engine. 

In  this  investigation  it  will  be  convenient  to  assume  tiiat  the 
length  of  stroke  in  both  the  large  and  small  cylinder  is  the  same,  and 
that  the  pistons  move  simultaneously  with  equal  velocity,  as  would 
he  the  case  if  they  were  both  attached  to  the  same  point  of  the  beam. 
In  the  general  investigation  also  the  clearance  passages .  must  be 
omitted;  for  as  their  effect  depends  on  the  arrangement  of  the 
valves,  they  must  be  considered  specially  in  each  individual  instance. 
Now  let 

A  »  avea  of  lai^  cylinder, 
a  -      „       small      „ 
L  =*  length  of  stroke. 

I   » length  of  stroke  passed  over  before  the  steam  is  out  ofif  in  the  small 
cylinder. 
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P  B  total  proBSiure  of  steam  per  square  inch  in  the  small  cylinder  before  eatting 
off :  this  is  assumed  constant  through  the  spaoe  Z. 

p  »  back  pressure  of  imperfect  vacuum  per  square  inch  in  the  large  cylinder. 

a  s  space  passed  over  by  the  pistons  at  any  point  of  the  stroke,  reckoned  from 
the  commencement  of*the  stroke. 

y  »  joint  effectiye  pressure  on  the  two  pistons  at  the  end  of  the  portion  x  of 
the  stroke. 

u^  a  work  peifonned  during  the  portion  I  of  the  stroke. 

«i »  „  yy  yi        remaiudcr  „ 

27  «>  i»   -h  «^  «>  total  work  performed  during  the  whole  stroke. 

The  whole  stroke  naturally  divides  itself  into  two  portions :  first 
heforCj  and  secondly  after y  the  steam  is  cut  off  in  the  small  cylinder. 

First,  before  the  steam  is  cat  off  in  the  small  cylinder.  Supposbg 
the  pistons  are  making  the  downstroke,  the  total  forward  pressure  aboye 
the  small  piston  will  be  nniform  and  eqaal  to  a  P.  The  back  pressme 
nnder  it  will  be  variable,  and  will  be  the  same  per  sqnare  indi  as  tbe 
pressure  above  the  large  piston,  since  each  end  of  tiie  small  cylinder 
communicates  through  the  valve  with  tbe  opposite  end  of  the  large 
cylinder.  The  value  of  this  pressure  must  be  found  by  considering 
what  has  taken  place  in  the  preceding  upstroke.  The  steam  of 
pressure  P  had  first  filled  the  small  cylinder  to  a  cubic  content  a  I ; 
and  at  the  end  of  the  upstroke  this  volume  had  expanded  into  a  space 
a  L,  Then  when  tbe  pistons  have  performed  any  portion  x  of  their 
downstroke,  the  space  occupied  by  the  expanding  steam  will  be 
reduced  by  the  descent  of  the  small  piston  and  increased  by  the 
descent  of  the  large  one,  so  that  it  will  become  a  X+(ii— a)x. 
According  therefore  to  Mariotte's  law,  which  may  be  taken  ss 
sufficiently  accurate  for  the  purpose,  the  pressure  per  square  inch  of 
the  steam  flowing  from  the  bottom  of  the  small  cylinder  into  the  top 
of  the  large  one,  after  any  portion  x  of  the  downstroke  has  been 
passed  oyer,  will  be 

P ±L 0) 

a  L  +  {A  —  a)af  ^ 

and  this,  multiplied  by  a,  will  be  the  total  back  pressure  against  the 
small  piston  at  that  point  of  the  stroke.  The  total  forward  pressure 
on  the  top  of  the  large  piston  will  be  the  same  expression  (1) 
multiplied  by  A  ;  and  the  total  back  pressure  of  the  imperfect  vacuum 
underneath  the  large  piston  will  he  A  p. 
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Hence,  adding  the  effect  of  the  two  pistons  together  to  obtain  the 
joint  effective  pressure  y  at  the  end  of  the  portion  x  of  the  stroke, 
before  the  steam  is  cnt  off, 

The  work  performed  therefore  during  the  portton  /  of  the  stroke  will 
be  the  integral  of  y  dx  between  the  limits  /  and  0,  or 

Secondly,  afler  the  steam  is  cut  off  in  the  small  cylinder.  Here 
the  forward  pressure  in  the  small  cylinder  is  variable ;  for  after  a 
length  of  stroke  x  the  volume  of  steam  which  was  originally  a  I  will 
be  increased  to  a  x,  and  the  pressure  per  square  inch  will  consequently 
be  diminished  to  P  | ;  so  that  the  total  forward  pressure  on  the 
small  piston  will  be  a  P  |.  The  back  pressure  on  the  small  piston 
and  the  forward  pressure  on  the  large  one  will  be  found  by  the 
same  expression  (1)  as  before ;  so  that  the  joint  effective  pressure  y 
on  the  two  pistons,  after  the  steam  is  cut  off,  will  be 

'  m  '^  a  L  +  {A  '-  a)  a         ^  ^  ' 

And  the  work  performed  during  this  latter  portion  of  the  stroke  will 
be  the  integral  of  y  dx  between  the  limits  L  and  /,  or 

Adding  therefore  equations  (3)  and  (5)  together,  the  total  work 
developed  during  one  entire  single  stroke  of  the  two  pistons  will  be 

U^u^  +  u^^aPl(l  +  \og'^^\-ApZ  (6) 

It  may  now  readily  be  seen  that  the  theoretical  effect  of  the 
expansion  is  the  same  with  the  double  as  with  the  single  cylinder 
engine.  For  in  this  last  equation  — j-  represents  the  final  extent  of 
the  expansion,  or  the  number  of  times  the  steam  is  increased  in 
volume  from  the  time  it  is  cut  off  in  the  small  cylinder  to  the  end  of 
its  action  in  the  large  one.  If  this  be  represented  by  E,  so  that 
E  al^  A  Lj  then  if  the  dimensions  of  the  large  cylinder  be  used, 
the  work  done  in  a  single  stroke  will  be 

U^^^^ a  +  log ^)  -  A  Zp  (7) 
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which  is  precisQlj  the  same  expression  as  represents  the  woAl  of 
Steam  used  ezpansiyelj  in  a  single  cylinder  whose  area  is  il  and 
length  of  stroke  L,  and  in  which  the  steam  is  cut  off  at  -^th  part  of 
the  stroke.  The  work  performed  by  a  given  quantity  of  steam  is 
therefore  exactly  the  same  in  the  double  cylinder  engine  as  in  fhe 
single  cylinder  engine,  with  the  same  extent  of  expansion  in  both 
cases,  as  was  stated  in  the  paper. 

The  last  equation  (7)  also  furnishes  the  proof  of  the  further  prindple 
stated  in  the  paper,  namely  that,  for  a  given  initial  pressure  of  steam 
and  a  given  degree  of  expansion,  the  power  of  the  engine,  measared 
by  the  work  it  will  do  in  each  stroke,  depends  solely  on  the  sixe  A  L 
of  the  large  cylinder. 

The  volume  of  steam  at  the  initial  pressure  P  used  to  perform  tbe 
work  U  is  -=-  ;  from  which  the  duty  of  the  engine  may  be  found  in 
the  usual  way. 

If  the  length  of  stroke  be  taken  in  feet,  the  areas  of  the  pistons 
in  square  inches,  and  the  pressure  in  lbs.  per  square  inch,  according 
to  the  usual  practice,  and  if  i\rbe  the  number  of  single  strokes  per 
minute,  then  the  theoretical  horse  power  of  the  double  cylinder  engine 
will  be 

HorBepower-i^||(l  +  log^)-j,j  (8) 

It  must  be  remembered  that  P  is  the  pressure  of  steam  in  the  small 
cylinder  during  the  period  before  cutting  off,  and  not  the  pressure  in 
the  boiler  which  is  generally  much  higher. 

It  can  now  be  shown  that,  for  an  engine  of  given  power  and  given 
expansion,  there  is  a  point,  as  stated  in  the  paper,  at  which  the  steam 
may  be  cut  off  in  the  small  cylinder,  so  that  the  excess  of  power  at 
the  commencement  of  the  stroke  may  be  a  minimum.  Simplifying 
equation  (2)  by  omitting  the  imperfect  vacuum,  and  making  x  =  0, 
the  joint  effective  pressure  y  on  the  two  pistons  at  the  commencement 
of  the  stroke  is 


y^p[a  +  iA-a)^] 


Let  1,  the  fraction  of  the  stroke  at  which  the  steam  is  to  be  ent  off, 
be  represented  by  ^,    the  independent    variable.      Then    since    £ 
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representiog  the  extent  of  tlie  expansion,  as  before,  is  to  be  constant, 
and  since  the  power  of  the  engine,  which  is  measured  by  the  size  of 
the  large  cylinder,  is  also  to  be  constant,  the  area  of  the  small 
cylinder  a  will  be  yariable  and  equal  to  ^ ;  whence  the  total  initial 
pressure  y  is 

whidi  must  be  a  minimum.  Treating  this  in  the  usual  way  by 
differentiating  and  putting  dy  =  0,  the  simple  result  arrived  at  is 
that  the  initial  force  or  blow  is  a  minimum  when 

that  is  when  the  area  of  the  small  cylinder  is  so  proportioned  to  that 
of  the  large  one  as  that  the  fraction  of  the  stroke  at  which  the  steam 
is  cut  off  shall  be  equal  to  the  reciprocal  of  the  square  root  of  the 
given  degree  of  expansion. 

Substituting  this  value  in  equation  (9),  the  initial  blow  at  the 
commencement  of  the  stroke  in  the  double  cylinder  engine  will  be 

.-.P(-^-)  (U) 

whereas  in  a  single  cylinder  engine  of  the  same  power  and  expansion 

the  initial  blow  will  be 

y^AP  (12) 

which  is  *  greater  than  that  given  by  the  preceding  equation,  since 
E  is  necessarily  greater  than  1;  and  a  comparison  of  these  two 
equations  in  any  individual  case  will  show  the  exact  advantage  of  the 
double  cylinder  over  the  single  cylinder  engine. 

The  mean  motive  power  in  either  engine  will  be  found  by  dividing 
the  total  work  U  in  equation  (7)  by  the  length  of  stroke  Z,  neglecting 
the  imperfect  vacuum  ;   which  will  give 

A  P 
Mean  motive  power  «  —js-  (1  +  log  JS^  (13) 

The  last  two  columns  of  the  table  given  in  the  paper  are  calculated 
from  the  two  previous  equations  (11)  and  (12),  taken  in  connexion 
with  the  last  equation  (18).  The  third  column,  giving  the  pro- 
portionate size  of  the  small  cylinder  as  compared  with  the  large  one, 
is  obtained  from  the  equation 
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and  the  second  column,  calculated  from  equation  (10),  is  identical 
with  the  third,  since  these  equations  (10)  and  (14)  aire  the  same. 
The  ordinates  or  vertical  dimensions  in  the  theoretical  diagrams 
Figs.  2  and  3,  Plate  69,  for  the  double  cylinder  engine,  are  calculated 
from  equations  (2)  and  (4),  omitting  the  imperfect  vacuum;  and  in 
Fig.  1,  for  the  single  cylinder  engine,  they  are  simply  taken  inyendy 
as  the  portion  of  the  stroke  passed  over  from  the  commencement 
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ON  DOUBLE  CYLINDER  PUMPING  ENGINES 


By  Mr.  DAVID  THOMSON,  of  London. 


The  Doable  Cylinder  Pampiug  Engines  referred  to  in  the  previous 
paper  by  Mr.  Pole  as  having  been  erected  by  Messrs.  Simpson  at  the 
Lambeth  Water  Works,  Thames  Ditton,  were  designed  and  executed 
under  the  superintendence  of  the  author  of  the  present  paper,  in  which 
it  is  intended  to  give  a  general  description  of  the  engines,  with  a  few 
practical  remarks  suggested  by  the  experience  of  their  performance. 

The  general  arrangement  of  these  engines  is  shown  in  Fig.  1, 
Plate  70.  They  are  beam  engines,  having  the  double  cylinders  A  B 
at  one  end  of  the  beam,  and  a  crank  C  and  connecting  rod  at  the  other 
end;  four  engines  of  150  horse  power  each  are  fixed  side  by  side, 
arrauged  in  two  pairs,  each  pair  working  on  to  one  shaft,  with  cranks 
at  right  angles,  and  a  flywheel  D  between  them.  The  strokes  of  the 
crauk  C  and  of  the  large  cylinder  A  are  equal ;  while  the  small 
cylinder  B,  which  receives  the  steam  direct  from  the  boiler,  has  a 
shorter  stroke,  and  its  effective  capacity  is  nearly  one  fourth  that  of 
the  large  cylinder.  The  pumps  E  are  connected  direct  to  the  beams 
near  the  connecting  rod  end  by  means  of  two  side  rods,  between  which 
the  crank  G  works.  The  pumps  are  of  the  combined  plunger  and 
backet  construction,  and  are  thus  double-acting  although  having  only 
two  valves  :  the  author  believes  that  this  kind  of  pump,  which  is  now 
in  general  use,  was  first  introduced  by  him  at  the  Richmond  and 
Bristol  Water  Works  in  the  year  1848.  The  following  are  the 
principal  dimensions  of  the  engines: — 

Diameter  of  large  cylinder 46  ins. 

„  email  cylinder 28  ins. 

Stroke  of  large  cylinder 8  ft.  0  ins. 

„         small  cylinder 5  ft.  6f  ins. 

Diameter  of  pump  barrel 28f  ins. 

f,  pump  plunger 164  ina. 

Stroke  of  pump 6  ft  llf  ins. 

I^eugth  of  beam  between  extreme  centres  .  .  26  ft.  6  ins. 
Height  of  beam  centre  from  floor  .        .        .        .     21  ft.  4  iuB. 

L  2 
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The  principal  peculiarity  of  these  engines  is  in  the  valves  and  yalve 
gear  :     the  valves   are   so  constnicted   that   one  valve  effects  the 
distribution  of  the  steam  in  each  pair  of  cylinders.     Fig.  2,  PUte  71, 
is  a  vertical  section  through  the  centres  of  the  two  cylinders  and  Tslve, 
which  are  drawn  as  if  situated  in  the  same  straight  line,  for  convenience 
of  illustration  ;  but  the  correct  position  of  the  valve  in  connexion  with 
the  two  cylinders  is  shown  in  the  sectional  plans,  Figs.  3  and  4, 
Plate  72,  taken  through  the  steam  ports  of  the  large  and  small 
cylinders  respectively.     The  valve  F,  of  which  the  top  end  is  shown 
enlarged  in  Fig.  7,  Plate  73,  consists  of  four  small  pistons  66, 
14  inches  diameter,  connected  together  by  a  pipe  H  which  fonns  the 
passage  whereby  the  steam  is  conveyed  from  one  end  of  the  small 
cylinder  to  the  opposite  end  of  the  large  cylinder.     The  action  of  the 
valve  is  shown  by  the  two  diagrams,  Figs.  5  and  G,  Plate  73,  which 
represent  its  two  extreme  positions  at  the  commencement  of  the  np 
and  down  strokes.     The  steam  from  the  boiler  enters  the  annular 
space  I  surrounding  the  middle  of  the  valve ;  and  the  commnnication 
with  the  condenser  J,  Fig.  1 ,  is  at  KK,  beyond  the  top  and  bottom 
ends  of  the  valve.     With  the  valve  in  its  lowest  position,  as  shown  in 
Figs.  2  and  5,  Plates  71  and  73,  the  steam  from  the  boiler  is  admitted 
into  the  bottom  of  the  small'  cylinder  B,  for  making  the  up  stroke; 
and  the  steam  from  the  top  of  the  small  cylinder  is  exhausted  through 
the  hollow  pipe  H  of  the  valve  into  the  bottom  of  the  large  cylinder  A, 
while  the  top  of  the  large  cylinder  exhausts  direct  into  the  condenser, 
beyond  the  top  end  of  the  valve.     Figs.  6  and  7,  Plate  78,  show  the 
valve    in   its   highest  position,    for    admitting    the    steam   in   the 
corresponding  manner  at  the  beginning  of  the  down  stroke. 

The  cylinder  ports  are  rectangular,  with  inclined  bars  across  the 
faces  to  prevent  the  packing  rings  of  the  valve  from  catching  against 
the  edges  of  the  ports :  and  the  bars  are  made  inclined  instead  of 
vertical  in  order  to  avoid  any  tendency  to  grooving  the  valve  packing. 
The  openings  of  the  port  extend  two  thirds  round  the  circumference  of 
the  valve  in  the  ports  of  the  large  cylinder,  as  shown  in  Fig.  3, 
Plate  72  ;  but  they  extend  only  half  round  in  the  ports  of  the  small 
cylinder,  as  shown  in  Fig.  4.  The  packing  of  the  valve  consists  of 
the  four  cast  iron  rings  GG,  Fig.  7,  Plate  78,  which  are  cut  at  one 
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side  exftctlj  as  in  an  ordinary  piston,  the  joint  being  oovered.bj  a 
plate  inside.  A  considerably  stronger  pressure  of  the  rings  against 
the  yalve  chest  is  required  than  was  at  first  expected,  because  the 
openings  of  the  steam  ports  extend  so  far  round  the  valve  ;  and  for 
this  purpose  springs  are  placed  inside  the  packing  rings  to  assist 
their  own  elasticity.  This  construction  of  valve  has  the  advantage  of 
admitting  of  great  simplicity  in  the  castings  of  the  cylinders ;  and  also 
allows  of  the  whole  of  the  valve  work  being  executed  in  the  lathe, 
which  is  generally  both  the  cheapest  and  most  correct  kind  of  work  in 
an  engineering  workshop.  These  valves  are  worked  by  cams,  which 
are  not  well  adapted  for  engines  working  at  high  speed  ;  and  this  led 
the  author  in  the  'construction  of  some  recent  double  cylinder  engines 
to  adopt  valves  and  valve  gear  of  a  different  construction  ;  but  he  has 
not  been  able  to  design  any  which  surpass  or  even  equal  these  in  the 
economioal  distribution  of  the  steam. 

The  principal  object  aimed  at  in  the  construction  of  this  piston 
valve  was  ^e  reduction  to  a  minimum  of  the  loss  of  pressure  which 
the  steain  undergoes  in  passing  from  the  small  cylinder  to  the  large 
one.  This  is  here  accomplished  by  making  the  passage  of  moderate 
dimensions  and  as  direct  as  possible;  and  also  by  preventing  any 
commimication  of  this  passage  with  the  condenser,  so  that  when  the 
steam  from  the  small  cylinder  enters  the  passage,  the  latter  is  already 
filled  with  steam  of  the  density  that  existed  in  the  large  cylinder  at 
the  termination  of  the  previous  stroke.  In  constructing  the  engines 
some  doubt  was  entertained  as  to  the  best  size  of  passage,  in  order  on 
the  one  hand  to  avoid  throttling  the  steam,  and  on  the  other  to  obviate 
as  much  as  possible  the  loss  of  steam  in  filling  the  passage.  The  size 
adopted  was  a  pipe  6  inches  in  diameter,  or  l-60th  of  the  area  of  the 
large  cylinder,  for  a  speed  of  piston  of  280  feet  per  minute  in  the  large 
cylinder;  and  this  is  believed  to  be  about  the  best  proportion,  the 
entire  cubic  content  of  the  whole  passage  in  the  valve  amounting  to 
3944  cubic  inches.  The  indicator  diagrams.  Figs.  8  to  11,  Plates 
74  and  75,  show  that  with  this  construction  of  valve  there  is  very  little 
or  no  throttling  of  the  steam ;  and  also  that  there  is  but  a  very 
moderate  drop  in  the  pressure  as  the  steam  passes  from  the  small 
cylinder  into  the  large  one.      In  this  respect  the  valve  completely 
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answered  the  expectations  entertained  of  it,  and  left  little  fdiiher  to 
be  desired  on  this  point. 

The  accompanying  indicator  diagrams,  Figs.  8  to  11,  Plates 
74  and  75,  taken  from  the  Lambeth  Water  Works  engines,  show  the 
action  of  the  steam  thronghont  the  stroke. 

In  Fig.  8,  Plate  74,  the  upper  diagram  is  that  taken  from  the 
bottom  of  the  small  cylinder,  and  the  lower  is  the  corresponding 
diagram  from  the  top  of  the  large  cylinder.  Fig.  10,  Plate  75,  is 
the  diagram  taken  at  the  same  time  from  the  top  of  the  small  cylinder, 
to  which  however  there  is  none  corresponding  from  the  bottom  of  the 
large  cylinder ;  bnt  as  the  diagrams  from  the  two  ends  of  the  smiU 
cylinder  so  nearly  correspond,  it  may  be  presnmed  that  a  diagram 
taken  from  the  bottom  of  the  large  cylinder  at  the  same  time  woold 
have  been  very  nearly  the  same  as  that  from  the  top,  shown  by  the 
lower  diagram  in  Fig.  8. 

In  Fig.  9,  Plate  74,  the  upper  diagram  is  that  taken  from  the  top 
of  the  small  cylinder,  and  the  lower  is  the  corresponding  diagram  from 
the  bottom  of  the  large  cylinder :  while  Fig.  1 1 ,  Plate  75,  is  the 
diagram  taken  at  the  same  time  from  the  top  of  the  large  cylinder,  to 
which  however  there  is  no  corresponding  diagram  froiu  -the  bottom  of 
the  small  cylinder.  The  dotted  lines  in  Figs.  8,  9,  and  10,  represent 
the  exhaust  line  in  the  small  cylinder  reversed,  so  as  to  show  by  £rect 
measurement  of  the  distance  between  this  and  the  top  line  of  the 
diagram  what  is  the  effective  or  working  pressure  on  the  small  pistoa 
at  any  part  of  the  stroke. 

In  order  that  these  diagrams  may  be  compared  with  theory,  it  is 
necessary  to  know  the  cubic  contents  of  the  cylinders  with  the  given 
lengths  of  stroke,  of  the  clearances  at  the  ends  of  the  cylinders,  and  of 
the  different  parts  of  the  steam  passages.  The  following  are  the 
capacities  of  these  spaces  : — 
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Cab.  Ins.  Cab.Ini. 
Oapocity  of  small  cylinder,  5  ft.  6|  ins.  stroke  .  40870 

Clevanoe  at  end  of  small  cylinder 808 

Space  in  port  between  valye  and  small  cylinder       .        .  805 

Total  space  between  valve  and  small  piston       .  1118 

Oapacity  of  large  cylinder,  8  ft  stroke 159542 

Clouvnce  at  end  of  large  cylinder 881 

Space  in  port  between  valve  and  large  cylinder  .  2844 

Total  space  between  valve  and  large  piston  8675 

Oapadty  of  all  passages  in  valve 8944 

Sum  of  last  two  capacities         ....  7619 

Hence  the  gteam  escaping  from  the  small  cylinder  has  to  expand 
into  an  additional  space  of  7619  cnbic  inches  hefore  it  reaches  the 
large  piston. 

The  following  tahle  shows  the  principal  results  deduced  from  these 
indicator  diagrams,  in  the  calculation  of  which  it  has  been  assumed 
that  the  space  occupied  by  the  steam  when  expanded  is  inversely  as  the 
pressure ;  and  also  that  the  valve  and  pistons  were  steam-tight  when 
the  diagrams  were  taken,  which  is  believed  to  have  been  nearly  the 
case.  For  the  sake  of  simplicity  also  the  steam  enclosed  in  the  valve 
passage  has  been  neglected,  and  the  passage  is  supposed  to  be  empty 
when  the  steam  from  the  small  cylinder  enters  it.  The  effect  of  the 
clearances  and  steam  passages  has  been  taken  into  account  in  calculating 
the  expansions. 


These  indicator  diagrams  show  in  different  degrees  a  few  results 
which  the  author  has  constantly  observed  in  all  the  indicator  diagrams  he 
has  taken  from  double  cylinder  engines.  In  the  first  place,  the  pressure 
of  the  steam  at  the  end  of  the  stroke,  instead  of  falling  short  of  what  it 
OQght  to  be  by  the  theoretical  expansion  curve,  always  exceeds  that 
amount.  In  Fig.  8,  Plate  74,  this  excess  is  as  much  as  80  per  cent., 
and  in  Fig.  9  It  is  28  per  cent,  of  the  actual  final  pressure.  This  fact 
has  been  often  observed  before  to  a  smaller  extent  in  single  cylinder 
engines,  and  has  been  said  to  be  peculiar  to  cylinders  without  jackets 
or  external  means  of  keeping  up  their  heat.  But  in  this  case  both 
cylinders  were  jacketted,  and  the  jackets  were  supplied  with  steam  of 
a  higher  pressure  than  the  maximum  pressure  in  the  cylinders.  It 
might  be  supposed  that  the  increased  pressure  at  the  end  of  the  stroke 
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Table  of  Results 
Deduced  from  the  Indicator  Diagrams  y  Figs.  8  and  9,  FlaU  74. 

Kg.  8.  Fig.  9. 

1.  Percentage  of  stroke  at  which  steam  is  oui;  ofif  in 

small  cylinder 25peroeiit.     ^OfMrewL 

2.  Total  expansion  at  end  of  stroke  in  small  (^Undar, 

in  terms  of  hulk  hefore  expansion .        .        •  8 '78  2*41 

3.  Amount  of  expansion  on  passing  from  small  to 

large  cylinder,  in  terms  of  bulk  hefore  escaping 

from  small  cylinder 1 '  18  1  *  18 

4.  Total  expansion  at  end  of  stroke  in  large  cylinder, 

in  terms  of  original  hulk        .        .        .        .  15*15  9*66 

5.  Total  amount  of  efficient  expandon,  in  terms  of 

original  bulk 12-80  8*19 


6.  Total  pressure  of  steam  per  square  inch  at  point 

of  cutting  ofif 82  lbs.  41  lbs. 

7.  Theoretical  total  pressure  at  end  of  stroke  of 

small  piston 8*4  lbs.         ]70Ibs. 

8.  Actual  total  pressure  shown  by  diagram    .        .      10*6  lbs.         18*0  lbs. 

9.  Excess  of  actual  orer  theoretical  in  percentage 

of  actual  pressure 21  per  cent.     6  per  oenL 

10.  Theoretical  loss  of   pressure  in  passage  from 

small  to  large  cylinder l-flbe.  2*6  Uil 

11.  Actual  loss  shown  by  diagram  ....       2*5  lbs.    -       4*5  lbs. 

12.  Theoretical  total  pressure  at  end  of  utxoke  of 

large  piston 2*1  lbs.  4*2  lb& 

13.  Actuid  total  pressure  shown  by  diagram    .  8*0  lbs.  5*5  lbs. 

14.  Excess  of  actual  over  theoretical  in  percentage 

of  actual  pressure 30  per  cent     23  per  cent 


15.  Mean  pressure  on  crank  pin  from  both  cylinders     15240  lbs.       22400  lbs. 

16.  Maximum  ditto 27838  lbs.       36058  lbs. 

17.  Ratio  of  maximum  to  mean  .  .     r88iol*00    l*6ltol*00 

18.  Ratio  of  maximum  to  mean  pressure  on  crank 

pin  in  a  single  cylinder  engine  with  the  same 
total  amount  of  efficient  expansion  (art.  5), 
the  clearances  and  ports  bearing  the  same 
proportion  to  working  capacity  of  cylinder, 
namely  l-40th  part ;  this  ratio  is  calc.ulated 
ttom  the  ordinary  logarithmic  expansion 
curve 4-OOtoPOO    2*75tolDU 


19.  Efficiency  of  steam  contained  in  large  cylinder 

at  end  of  stroke,  as  shown  by  diagram,  if  used 
without  expansion,  taken  as  . 

20.  Actual  efficiency  of  same  steam  as  employed  in 

both  cylinders,  as  shown  by  diagram 

21.  Theoretical  efficiency  of  same  steam  if  expanded 

to  same  degree  as  total  amount  of  efficient 
expansion  (art.  5) 


•00 

1*00 

•70 

2*90 

•50 

3*H> 
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was  dne  to  the  heat  imparted  from  the  jackets  either  superheating  the 
steam  or  conTerting  the  watery  vaponr  mixed  with  it  into  trtie  steam ; 
and  prohahlj  the  latter  is  the  cause  of  a  small  part  of  the  observed 
effect :  but  in  the  anthor^s  opinion  it  is  not  likely  that  sufficient  heat 
could  be  communicated  from  the  jackets  to  produce  an  increase  of 
23  per  cent,  in  the  actual  final  pressure,  much  less  of  30  per  cent. 
This  is  the  more  unlikely  because  on  several  occasions  the  condensed 
water  from  the  jackets  has  been  collected  and  found  not  to  exceed 
half  a  gallon  per  hour.  The  experiments  made  on  the  quantities  of 
water  passed  from  the  boilers  give  uniformly  the  result,  that  a 
considerably  larger  quantity  of  water  passes  from  the  boilers  than  is 
accounted  fur  by  the  indicator  diagram,  taking  the  quantity  and 
pressure  of  the  steam  just  before  it  escapes  to  the  condenser  as  the 
basis  of  calculation.  In  some  trials  made  yrithin  a  few  days  of  the 
indicator  diagram  Fig.  8,  Plate  74,  being  taken,  the  excess  of  water 
thas  disappearing  from  the  boilers  was  about  37  per  cent.  It  appears 
however  to  the  author  that  this  constant  excess  of  the  actual  over  the 
theoretical  final  pressure  of  the  expanded  steam  is  still  not  satisfactorily 
explained.  To  suppose  that  the  valve  was  leaking  might  account  for 
it ;  but  besides  great  care  having  been  taken  to  avoid  this  source  of 
error,  it  can  hardly  be  supposed  that  the  valve  was  always  leaking 
more  than  the  pistons. 

Secondly,  although  the  pressure  of  the  steam  in  the  cylinders  in 
these  engines  always  exceeds  what  would  be  given  by  theory,  yet  the 
loss  of  pressure  in  passing  from  the  small  cylinder  to  the  large  one 
always  exceeds  what  would  be  expected  from  theory.  This  fact  holds 
as  Qmrersally  as  the  previous,  in  the  author's  experience,  although  by 
no  means  to  a  uniform  extent. 

Thirdly,  the  table  shows  the  great  practical  advantage  that  the 
doable  cylinder  engine  possesses  in  moderating  the  extreme  strains  on 
the  machinery  which  are  produced  when  expansion  is  carried  to  a  great 
extent  in  a  single  cylinder  :  the  maximum  pressure  on  the  crank  pin 
from  both  cylinders  is  here  only  83  per  cent,  greater  than  the  mean  in 
the  diagram  Fig.  8,  and  only  61  per  cent,  greater  in  the  diagram 
Fig.  9.  It  is  indeed  impossible  in  practice  to  carry  expansion  in  one 
cylinder  to  so  high  a  degree  as  is  shown  in  these  diagrams.    Although 
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single  cylinder  engines  are  freqaeutly  said  to  be  expanding  ten  times, 
the  author  has  not  known  any  instance  of  their  being  so  worked 
continaonsly ,  bat  only  occasionally  and  experimentally ;  and  in  no  case 
that  he  is  aoqaainted  with  has  the  expansion  ever  been  more  thui 
nominally  to  the  extent  of  ten  times,  that  is  the  steam  hss  been  cot 
off  at  1-1 0th  of  the  stroke  from  the  commencement.  In  sucb  a  ctse 
the  size  of  the  valve  passages  and  clearance  of  the  piston  amaant  to 
so  large  a  proportion  of  the  steam  in  the  working  part  of  the  cylinder 
at  the  moment  of  cutting  off  that  a  nominal  expansion  of  ten  times  is 
often  in  reality  not  more  than  six  or  seven  times.  In  the  small 
cylinder  of  the  double  cylinder  engines  now  described  the  passages  and 
clearances  are  reduced  to  a  minimum,  and  are  much  smaller  tlian  io 
most  single  cylinders  of  the  same  size ;  and  yet  if  the  steam  were  here 
cut  off  at  1-1 0th  of  the  stroke  these  passages  would  amoont  to 
one  fourth  of  the  volume  of  the  steam  contained  in  the  cylinder  at  the 
moment  of  cutting  off,  and  the  expansion  in  this  cylinder  instead  of  being 
ten  times  would  be  only  about  eight  times.  This  is  a  point  too  generally 
neglected  in  estimating  the  merits  of  different  engines  or  discossing 
the  results  of  indicator  diagrams. 

To  ascertain  the  amount  of  friction  in  these  engines  the  author 
has  made  many  experiments,  and  has  found  that,  when  the  engioes 
are  new  and  working  at  perhaps  little  more  than  half  their  power,  the 
loss  in  comparing  the  work  done  with  the  indicator  diagrams  amoants 
to  as  much  as  25  per  cent,  of  the  indicated  power ;  but  in  these  cases 
the  pistons  have  been  too  tight  in  the  cylinders,  and  when  this  error 
has  been  corrected  and  the  engines  worked  up  to  their  regular  work 
all  the  losses  are  brought  down  to  from  12  to  15  per  cent,  of  the 
indicated  power.  This  includes  the  friction  of  both  the  engines  and 
the  pumps,  the  working  of  the  air  pumps,  feed  pumps,  cold  water 
pumps,  and  pumps  for  charging  the  air  vessels  with  air. 

On  the  whole  the  author  is  of  opinion  that  where  expansion  is 
carried  to  an  extent  of  only  three  or  four  times,  the  single  cyliuder 
form  of  engine  is  simpler  and  better  than  the  double  cylinder;  but 
where  expansion  is  required  to  a  much  higher  degree,  the  doable 
cylinder  presents  the  only  way  of  carrying  it  out  successfully  iu 
practice.     When  the  double  cylinder  is  adopted  an  ordinary  expansion 
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of  not  less  than  ten  times  should  be  effected,  if  it  is  desired  to  get  a 
result  corresponding  with  the  additional  complication  incurred.  The 
theory  of  the  action  of  steam  jackets  appears  still  somewhat  doubtful, 
but  there  can  be  no  doubt  that  with  high  expansion  in  two  cylinders 
thej  are  absolutely  essential  to  a  favourable  economical  result. 

With  regard  to  the  economy  of  fuel  attained  by  the  double  cylinder 
engines,  it  may  be  stated  that  the  four  pumping  engines  at  the 
Lambeth  Water  Works  are  fixed  in  one  house  and  are  employed  in 
pumping  through  a  main  pipe  30  inches  diameter  and  about  nine  miles 
in  length ;  and  when  all  the  engines  are  working  together  at  their 
ordinary  speed  of  14  revolutions  per  minute,  the  lift  on  the  pumps  as 
measured  by  a  mercurial  gauge  is  equal  to  a  head  of  about  210  feet  of 
water.  Under  these  circumstances  they  were  tested  by  Mr.  Field 
soon  after  being  finished,  in  a  trial  of  24  hours'  duration  without 
stopping.  The  actual  work  done  by  the  pumps  during  this  trial  was 
equal  to  97,064,894  lbs.  raised  one  foot  high  for  every  112  lbs.  of  coal 
consumed ;  in  addition  to  which  this  consumption  included  the  friction 
of  the  engines  and  pumps,  and  the  power  required  to  work  the  air 
pumps,  feed  and  charging  pumps,  and  the  pumps  raising  the  water 
for  condensation.  The  coal  used  was  Welsh,  of  good  average 
quality. 

The  economy  in  consumption  of  fuel  during  this  trial  and  in  the 
subsequent  regular  working  of  these  engines,  together  with  the 
satisfactory  performance  generally  of  the  engines  and  pump  work, 
induced  the  Chelsea  Water  Works  Company  and  also  the  New  River 
Company  each  to  erect  in  1854  a  set  of  four  similar  engines,  which  were 
made  almost  exactly  the  same  as  the  Lambeth  Water  Works  engines 
already  described,  with  the  exception  that  a  jacket  of  high  pressure 
steam  was  in  these  subsequent  engines  provided  under  the  bottoms  of 
the  cylinders,  which  had  not  been  done  with  the  previous  engines. 
The  pumps  were  also  different  in  size  to  suit  the  different  lifts. 

The  New  River  engines  were  tested  soon  after  being  completed, 
and  the  result  reported  was  113  million  lbs.  raised  one  foot  high  by 
112  lbs.  of  Welsh  coal.  But  this  duty  was  obtained  from  a  trial  of 
<^7  7  or  8  hours'  duration,   which  is  too  short  to  obtain  very 

m2 
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trustworthy  retults ;  and  gimilar  ditmmBtftnoes  the  mthor  belkrit 
have  given  rise  to  the  extraordinarj  statements  that  have  sometiiiMS 
been  made  regarding  the  duty  obtained  from  steam  engines. 

The  set  of  engines  made  for  the  Chelsea  Water  Works  was  ihs 
last  finished,  and  on  completion  the  engine  were  tested  bj  Mr<  Field 
in  the  same  manner  as  the  Lambeth  engines,  by  a  trial  of  24  hours* 
OonUnnons  pnmping.  The  ooal  need  was  Welsh,  as  before,  and  the 
dnty  reported  was  108*9  million  lbs.  raised  one  foot  high  by  112  Ibf/ 
of  coal.  This,  as  in  the  ptevions  instance,  was  the  duty  got  from  tiii 
pnmps  in  actnal  work  done,  no  allowance  being  made  for  the  friction 
of  the  engines  and  pnmps,  and  the  power  required  to  work  the  sit 
pnmps,  cold  water  pumps,  frc.  At  the  time  of  these  engines  hmg 
tested  the  loss  by  friction  and  by  working  the  air  pumpe,  Ice.,  aTsraged 
about  20  per  cent,  of  the  power  as  given  by  the  indicator  ^Kagrsflu  { 
so  that  if  the  duty  had  been  estimated  from  the  indicator  diagrams,  u 
is  nsnal  in  marine  engines,  it  would  have  been  103*9  X  ^^  or  about 
IdO  million  lbs.  raised  one  foot  by  1 12  lbs.  of  coal,  which  is  equiraleiit 
to  a  consumption  of  1  '7  lbs.  per  indicated  horse  power  per  hour. 


Mr.  PoLi  said  that  in  the  investigation  of  the  doable  eylmder 
engine  he  had  been  desirous  of  entering  rather  fully  into  its  history, 
which  had  previously  been  involved  in  some  obscurity.  Few  seemed 
to  be  aware  of  the  extent  of  Homblower^s  Connexion  with  the  eiig)Be, 
which  was  generally  called  Woolf  s,  althongh  it  was  eerttinl; 
Homblower's  invention ;  and  the  principle  of  expansion,  one  of  the 
most  important  principles  in  the  steam  engine,  was  first  introdvoed  to 
the  world  in  Homblower*s  engine.  The  revival  of  this  saoie  engine 
at  a  subsequent  period  was  due  to  Woolf,  who  simply  applied  higk 
pressure  steam  to  it,  as  was  done  also  about  the  same  t^ne  by 
Trevithiok  to  the  single  cylinder  engine  in  Oomwall ;  in  the  Utter 
ease  the  circumstances  were  so  far  different  from  those  of  other 
engines  that  the  single  cylinder  engine  was  here  undoubtedly  the  belt 
for  the  pnrpoee  to  which  it  was  applied. 
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The  double  ^linder  engioe,  •»  now  practicallj  carried  out  in  the 
msimer  deecribed   in    the    paper  last  read,  proved  &  yery  useful 
anrftogementy   by  affording    the  means   of  carrying  the  important 
principle  of  expansion  to  a  much  greater  extent  than  was  practically 
possible  in  the  single  cylinder  engine.     In  a  single  <^linder  engine, 
when  applied  to  pumping  without  a  crank  and  flywheel,  it  was  indeed 
possible  to  make  use  of  a  considerable  degree  of  expansion,  because 
the  blow  which  then  inevitably  came  at  the  commencement  of  the 
strc^  was  immediately  absorbed  by  the  inertia  of  the  mass :   but 
when  the  piston  was  controlled  by  a  crank  and  flywheel  he  thought 
experience  proved  that  it  was  scarcely  possible  to  expand  more  than 
four  or  five  times  without  producing  a  very  great  strain  on  the 
machinery;   beyond  that  expansion  the  engine  could  not  be  made 
strcmg  enough,  and  the  blow  was  what  no  engineer  would  like  to  incur. 
This  was  made  clear  in  the  three  theoretical  diagrams   exhibited, 
(Plate  69,)  which  were  all  constructed  for  the  same  total  amount  of 
expsosioB  of  the  steam,  namely  six  times.     The  first  diagram  showed 
that  iu  ihe  single  cylinder  engine  the  initial  blow  was  2*15  times  the 
mean  pressure  throughout  the  stroke,  and  the  force  of  the  blow 
continued  undipiinished  during  one  sixth  of  the  stroke,  after  which 
the  pressure  dropped  according  to  the  regular  expansion  curve.     The 
second  diagram  gave  the  combined  effect  of  the  two  cylinders  in  the 
double  cylinder  engine,  when  tiie  steam  was  kept  on  at  full  pressure 
throughout  the  entire  stroke  in  the  small  cylinder:  this  was  the 
original  plan  in  the  use  of  two  cylinders,  and  the  plan  generally 
followed ;   but  the  diagram  showed  that  the  initial  blow  was  here  still 
the  same  as  in  the  single  cylinder  engine,  namely  2-15  times  the  mean 
pressure,  the  steam  than  passing  at  full  pressure  into  the  large 
cylinder  at  the  moment  of  commencing  the  stroke ;  and  although  the 
pressure  immediately  fell  off  rapidly,  instead  of  continuing  during  any 
length  of  the  stroke,  yet  the  machinery  had  necessarily  to  be  made  as 
strong  as  before,  in  order  to  stand  the  same  initial  blow,  so  that  no 
practical  advantage  was  gained.      His  object  however  had  been  to 
show  in  the  paper  that  the  initial  blow  might  be  greatly  reduced  and 
its  injurious  effect  avoided  by  first  expanding  the  steam  partially 
through  a  portion  of  the  stroke  in  the  small  cylinder,  and  then 
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completing  the  expansion  in  the  large  cylinder ;  and  also  to  show  tii&t 
hy  the  adoption  of  this  plan  a  point  of  cnt  off  oonld  be  fonnd  at  vhicli 
the  initial  blow  would  be  reduced  to  the  minimum.    The  third  diagnin 
gave  the  result  of  cutting  off  the  steam  at  the  most  adyantageoiu 
point  in  the  small  cylinder,  namely  41  per  cent,  of  the  stroke,  whereby 
the  initial  blow  was  reduced  to  the  minimum,  being  then  only  1*40 
times  the  mean  pressure  throughout  the  stroke,  instead  of  2*15  times 
as  previously,  and  the  line  was  much  more  equable  throughout  tbe 
stroke,  approaching  much  more  nearly  to  the  mean  pressure ;  bnt  an 
earlier  cut  off  would  hare  the  effect  of  again  raising  the  force  of  tlie 
initial  blow.     These  theoretical  results  were  fully  borne  out  by  the 
practical  results  obtained  in  the  double  cylinder  pumping  engines  thit 
had  been  described,  in  which  the  principle  of  expansion  was  now 
carried  to  a  greater  extent  than  would  be  possible  in  a  single  cylinder 
engine  with  crank  aiid  flywheel,  and  without  being  attended  with  the 
disadvantages  that  a  single  cylinder  would  entail. 

The  Chairman  enquired  what  experience  there  had  been  as  to  the 
durability  of  the  long  cylindrical  slide  valve  between  the  two  cylinders 
in  the  double  cylinder  eng^e. 

Mr.  Thomson  replied  that  in  the  case  of  the  Chelsea  and  the 
Lambeth  Water  Works  engines  the  valves  had  proved  quite  as  durable 
as  the  ordinary  pistons  made  with  metal  packing  rings  were  found  to  be. 
.  But  in  the  engines  at  the  New  River  Water  Works  the  valves  had  not 
been  so  durable,  nor  had  the  pistons,  and  much  inconvenience  wts 
suffered  from  this  circumstance ;  the  reason  had  been  found  to  be 
some  peculiarity  in  the  tallow  used  for  lubrication,  which  caused  the 
substance  not  only  of  the  valves  but  also  of  the  pistons  to  become 
eaten  away.  Now  however,  in  place  of  the  tallow  previously  used, 
animal  fat  procured  in  an  unmanufactured  state  had  been  employed 
for  the  last  twelve  months,  which  had  produced  a  great  improvement 
in  the  durability  of  the  valves  and  pistons,  and  the  metal  was  now 
not  nearly  so  much  acted  upon  as  it  was  before. 

The  Chairman  asked  what  was  the  initial  pressure  of  steam  at 
the  commencement  of  the  stroke,  and  also  the  pressure  in  the  boilers : 
and  whether  the  actual  final  expansion  of  the  steam  was  really  as 
much  as  fifteen  times. 
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Mr.  Thomsoh  replied  that  in  the  engines  from  which  the  indicator 
diagrams  were  taken  the  boiler  pressure  was  40  lbs.  per  sqnare  inch 
above  the  atmosphere,  and  the  initial  pressure  of  the  steam  in  the 
small  cylinder  was  85  lbs.  The  expansion  in  the  first  indicator 
diagram  appeared  to  be  16  times,  if  merely  the  point  of  cat  off  were 
taken  into  consideration ;  bat  bj  including  the  effect  of  the  capacity 
of  the  ports  the  actual  expansion  was  15  times,  and  if  the  useless 
effect  of  the  expansion  of  the  steam  into  the  yalve  between  the 
cylinders  were  also  deducted,  the  total  efficient  expansion  was  found 
to  be  13  times  nearly;  that  is  the  Yolnme  occupied  in  the  cylinders 
alone  by  the  steam  at  the  end  of  the  stroke- was  18  times  as  great 
as  at  the  point  of  cut  off.  The  steam  would  therefore  be  in  reality 
expanded  to  that  extent  if  its  expansion  followed  the  regular 
logarithmic  curre;  but  the  indicator  diagram  showed  that  the  final 
pressure  at  the  end  of  the  stroke  was  SO  per  cent,  in  excess  of  the 
theoretical  pressure  corresponding  to  the  total  expansion  of  15  times, 
and  therefore  the  actual  expansion  was  proportionately  less. 

Mr.  J.  Gbahtham  enquired  whether  the  steam  was  superheated  in 
the  engine  from  which  the  indicator  diagrams  had  been  taken. 

Mr.  Thomson  said  the  steam  was  not  superheated,  except  by  the 
heat  obtained  from  the  steam  jacket  of  the  cylinders  which  was  filled 
with  steam  at  the  boiler  pressure. 

Mr.  J.  Graktbam  thought  that  would  probably  account  both  for 
the  pressure  of  steam  being  raised  at  the  end  of  the  stroke  above  the 
theoretical  pressure,  and  also  for  the  loss  of  water  from  the  boiler, 
which  had  been  stated  to  amount  to  87  per  cent,  in  excess  of  the 
consumption  of  water  as  calculated  from  the  volume  of  steam  contained 
in  the  small  cylinder  at  the  point  of  cut  off.  This  extra  amount  of 
water  must  evidently  have  been  carried  off  from  the  boiler  mixed  with 
the  steam  by  priming,  and  then  became  evaporated  at  the  end  of  the 
stroke  by  the  heat  from  the  steam  jacket :  but  if  the  steam  had  been 
superheated  immediately  on  leaving  the  boiler,  before  entering  the 
cylinder,  no  water  would  have  passed  over  with  it,  and  there  would  have 
been  no  loss  of  water  from  the  boiler,  while  ihe  pressure  would  have 
followed  the  regular  curve  during  the  expansion. 
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The  progress  of  the  application  of  expansion  in  the  steam  oigme, 
of  which  so  interesting  an  account  had  been  given,  was  a  remafkibU 
history,  and  seemed  to  hare  been  divided  into  three  distinct  ens,  tht 
original  idea  of  expansion  having  virtually  died  ont  after  its  fint 
promulgation,  until  revived  in  1814  bj  Trevithick  and  Wodf  is 
connexion  with  a  higher  pressure  of  steam ;  then  it  again  fell  inta 
neglect,  and  the  great  miy'ority  of  engines  were  worked  with  litdt  or 
no  expansion  whatever ;  and  it  was  only  within  the  last  few  yean  thai 
the  subject  had  now  been  again  revived.  The  princif^e  of  expannoi 
was  one  of  such  great  practical  importance  that  it  required  the  most 
Attentive  consideration  in  all  classes  of  steam  engines.  He  remembered 
seeing  at  Stroud  shout  twenty  years  ago  a  small  donUe  <7liiider 
engine  of  about  four  horse  power,  which  had  been  put  np  about  thirtf 
years  previously  by  Woolf  himself;  it  was  employed  in  a  breweiy, 
and  had  a  large  cast  iron  boiler  with  some  cast  iron  tubes  through  it, 
and  the  boiler  was  apparently  as  good  as  ever  after  thirty  years'  work, 
during  which  it  had  been  going  on  without  repairs.  The  aigine  wm 
working  with  high  pressure  steam,  about  60  lbs.  per  square  inch  sboTe 
the  atmosphere,  and  showed  a  remarkable  eocmomy  in  fud,  qnite 
imequalled  by  any  of  the  numerous  other  engines  employed  in  the 
woollen  manufacture  in  that  neighbourhood :  the  latter  however, 
though  good  engines,  were  all  worked  on  tiie  oonmion  low  piessm 
system,  and  in  none  of  them  was  the  use  of  hi^  pressure  steam  vith 
expansion  ever  adopted  for  about  twenty  years  after  the  ereetioD  of 
Woolf  s  small  engine.  A  second  engine  on  tiie  same  plan  «h 
however  at  length  put  up  tiiere,  of  about  dO  horse  power,  canyisg 
out  the  principle  of  expansion  with  high  pressure  steam ;  and  this 
engine  had  at  the  time  he  saw  it  been  working  for  nearly  ten  yetrs 
consuming  only  about  2|  lbs.  of  coal  per  horse  power  per  hour, 
whereas  many  engines  in  the  neighbourhood  were  using  as  mwh  tf 
12  lbs. :  yet  no  one  else  had  at  that  time  attempted  to  repeat  the 
engine,  notwithstanding  the  extent  of  steam  power  employed  in  the 
neighbourhood.  This  was  an  illustration  of  Uie  indiflerenee  with 
which  so  important  a  subject  had  been  treated,  and  not  in  that 
district  alone,  but  throughout  the  entire  country ;  but  now  that  it 
was  again  revived,  the  question  could  not  be  discussed  too  frequently, 
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Bot  only  as  regarded  ndanafaciiiring  purposes,  bnt  more  especially 
in  referenoe  to  marine  engines. 

From  an  examination  of  the  Yarions  steam  engines  exhibited  in 
the  present  International  Exhibition  he  was  confirmed  in  the  opinion 
that  the  expansive  use  of  steam  was  much  more  fiilly  carried  oat  on 
tiie  continent  than  in  this  country,  probably  arising  from  the  greater 
cost  of  filel  there.  On  the  continent  the  donble  cylinder  engine  wis 
in  common  use  and  had  been  so  for  many  years,  and  in  some  localities 
he  belieTed  it  was  used  exolnsirely.  It  was  moreorer  cnrions  that  in 
most  of  the  deteriptions  givto  of  these  engines  Woolf  6  name  was 
associated  with  them ;  and  foreigners  generally  seemed  to  look  npolk 
Woolf  as  the  originator  of  the  donble  cylinder  engine,  which  strictly 
he  was  not,  although  he  revived  its  nse,  and  thereby  probably  did  a 
greater  service  than  even  the  original  inventor,  because  he  brought 
into  nse  What  Hbmblower  had  not  succeeded  in  establishing. 

Since  the  time  of  Woolf  s  revival  of  the  double  cylinder  engine,  so 
great  an  advance  had  been  made  in  the  construction  of  stronger  boilers 
and  the  use  of  a  higher  pressure,  and  in  the  introduction  of  super- 
heating, that  there  was  now  a  better  prospect  of  extending  the 
adoption  of  this  engine,  in  which  expansion  could  certainly  be  carried 
to  a  much  greater  extent  than  in  a  single  cylinder,  as  shoi^  in  the 
paper.  Bnt  there  was  still  much  to  be  done  in  respect  of  increasing 
the  pressure  of  steam  in  stationary  and  marine  engines,  in  which  at 
present  the  common  practice  was  to  use  only  about  25  lbs.  pressure 
per  square  in<&,  whereas  in  locomotives  the  pressure  was  frequently  as 
high  as  150  lbs.,  and  would  probably  be  carried  higher.  If  this 
pressure  could  be  attained  in  marine  and  stationary  engines,  great 
economy  of  fuel  would  result ;  btit  the  greater  expense  required  in  the 
eons  traction  of  the  engine  in  the  first  instance  was  in  most  cases  the 
obstacle  in  the  way  of  any  high  degtee  of  expansion ;  and  even  where 
an  engine  was  provided  with  separate  valves  for  working  expansively, 
ibe  expansion  valves  had  been  abandoned,  and  the  full  steam  kept  on 
through  the  entire  stroke,  involving  a  wasteful  consumption  of  fuel. 
'Hie  papers  that  had  been  read  would  he  thought  do  much  towards 
advancing  the  general  knowledge  of  the  value  and  praoticability  of  the 
double  cylinder  arrangement. 
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In  pnmping  engines  indeed,  snch  as  had  been  described,  ihe  shw 
and  deliberate  action,  and  the  careful  way  in  which  snch  engines  were 
generally  attended  to,  afforded  peculiar  advantages  for  carrying  out  the 
application  of  the  double  cylinder  engine  ;  but  there  were  other  cwee, 
especially  marine  engines,  in  which  economy  of  fiiel  was  eyideailj  of 
far  greater  importance  than  in  pumping  engines,  because  the  weight 
of  fuel  formed  a  limit  to  the  load  that  could  be  carried :  and  to 
marine  engines  therefore  the  application  of  a  high  degree  of  expaasioD 
was  particularly  desirable.  It  was  not  necessary  however  to  adhere 
closely  to  the  arrangement  of  the  double  cylinders  tiiat  was  adopted 
for  the  pumping  engines,  which  in  many  cases  would  be  inconvenient, 
since  it  would  necessitate  either  four  cranks  for  two  pair  of  cylinders, 
or  else  the  use  of  a  beam  for  each  pair  as  in  the  pumping  engines. 
In  the  marine  engines  shown  in  the  Exhibition  by  Mr.  Humphiys, 
similar  to  those  working  in  the  '^  Mooltan  "  with  EUdl's  sorlace 
condensers,  the  small  cylinder  was  mounted  on  the  top  of  the  large 
one  and  the  same  piston  rod  was  carried  through  boUi  cylinders, 
requiring  some  alteration  in  the  arrangement  of  the  passages  to  convey 
the  steam  from  the  small  cylinder  to  the  large  one :  but  the  short 
distance  that  the  steam  had  here  to  travel  from  the  bottom  of  the 
small  cylinder  to  the  top  of  the  large  one  compensated  for  the  long 
distance  it  had  to  travel  from  the  top  of  the  small  to  the  bottom  of  the 
large  cylinder,  so  that  he  believed  there  was  altogether  not  much 
difference  in  loss  of  pressure  in  the  steam  passages  between  these 
engines  and  the  double  cylinder  pumping  engines  shown  in  the 
present  paper.  There  was  also  a  small  horizontal  engine  among  the 
Belgian  machinery  in  the  Exhibition,  designed  for  driving  the  gun- 
boats of  the  Swedish  navy,  which  had  a  small  cylinder  placed  within  s 
large  one,  with  three  piston  rods,  one  from  the  inner  piston  and  the 
two  others  from  the  outer  annular  piston  ;  the  high  pressure  steam 
was  admitted  to  the  inner  cylinder,  whence  it  was  conveyed  to  the 
outer  low  pressure  cylinder  by  passages  through  the  cylinder  covers, 
with  a  considerable  loss  of  pressure  in  the  passages  in  this  case  on 
account  of  their  length.  In  other  respects  the  arrangement  seemed 
good,  and  it  was  simple  and  well  adapted  for  the  purpose  for  which  it 
was  intended. 
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Mr.  J.  SooTT  Russell  said  the  introdaction  of  a  high  degree  of 
expansion  in  marine  engines  was  greatly  to  be  desired,  but  thai 
difficnltj  attending  it  was  the  great  strain  thrown  npon  the  machinery 
at  the  commencement  of  the  stroke  compared  with  the  mean  force  of 
the  entire  stroke ;  and  it  was  with  the  view  of  obviating  this  difficulty 
that  he  had  himself  designed  some  years  ago  the  plan  which  had  beea 
motioned  of  patting  the  small  cylinder  inside  the  large  one  and 
working  with  three  piston  rods,  admitting  the  high  pressure  steam  to 
the  inner  cylinder  and  expanding  into  the  outer,  ^ere  were  howevef 
eeyaral  inconveniences  for  the  practical  purposes  of  steam  navigation 
in  any  of  the  combinations  of  cylinders  that  he  had  yet  seen.  Working 
with  two  cylinders  was  attended  with  certain  trammels  in  the  case  of 
marine  engines,  which  virtually  limited  the  expansion  to  a  particular 
grade ;  whereas  the  special  want  in  steam  navigation  was  the  means 
of  working  with  a  great  variety  of  grades  of  expansion,  and  sometimea 
with  no  expansion  at  all,  but  with  the  full  power  of  both  cylinders. 
When  this  difficulty  was  sulrmounted,  the  great  practical  inconvenience 
of  double  cylinder  engines  for  marine  purposes  would  be  got  rid  of« 
Another  difficulty  in  the  way  of  extending  the  degree  of  expansion  was 
the  want  of  a  better  class  of  men  to  attend  to  the  engines  placed  in 
vessels;  until  superior  men  were  employed  it  would  be  unwise  to 
attempt  obtaining  the  large  economy  that  would  result  from  greater 
expansion,  higher  pressure,  superheating,  and  surface  condensation, 
with  the  use  of  more  costly  engio^es  and  stronger  boilers.  In  order  to 
get  over  the  difficulty  of  repairs,  arising  from  the  complexity  of  a 
double  cylinder  engine,  he  had  arranged  an  engine  with  three  separate 
cylinders,  all  working  expansively  and  acting  direct  upon  one  crank, 
8Q  aa  to  have  the  free  use  of  any  degree  of  expansion  without  the 
disadvantage  of  the  double  cylinder  arrangement.  With  this  engine, 
expanding  the  steam  about  four  times  in  each  of  the  three  cylinders, 
the  eonsumption  of  coal  in  ordinary  working  was  brought  down  to 
about  2|  lbs.  and  even  2  lbs.  per  horse  power  per  hour.  Marine 
ODgines  however  had  not  the  same  advantages  for  great  expansion  aa 
punping  engines,  in  which  the  large  mass  to  be  put  in  motion 
absorbed  the  excess  of  power  at  the  beginning  of  the  stroke,  and 
^erred  as  a  reservoir  of  power  to  perform  the  remainder  of  the  work 
when  the  high  pressure  of  the  steam  was  reduced  by  expansion. 

N  2 
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Mr.  E.  E.  Allen  observed  tliat  the  alleged  difficulty  of  obtuning 
a  temporary  increase  of  power  had  been  frequently  urged  against  the 
use  of  doable  cylinder  expansive  engines  for  marine  purposes,  bat  he 
was  not  able  to  see  how  the  objection  applied,  because  the  steim, 
instead  of  being  cut  off  at  a  third  or  a  half  of  the  stroke*  or  at  any 
Other  point  that  was  desired,  might  be  kept  on  for  the  full  length  of 
stroke  in  the  first  cylinder,  when  the  full  power  of  the  engine  was 
wanted.     In  ordinary  marine  engines  cutting  off  at  three  quarters  of 
the  stroke  there  was  no  means  of  adding  to  the  power  more  than  abont 
one  fifth ;  but  if  a  larger  and  more  expansive  engine  were  used,  with 
the  steam  cut  off  at  one  third  of  the  stroke  in  the  small  cylinder,  which 
was  what  was  generally  proposed  in  double  cylinder  expansive  marine 
engines,  the  power  could  be  increased  between  two  and  three  times. 
An  important  difference  moreover  between  the  application  of  the 
double  cylinder  expansive  arrangement  to  marine  engines  and  to  other 
purposes  was  that,  while  it  was  quite  possible  in  pumping  engines  and 
in  most  other  cases  to  lengthen  the  cylinders  for  an  increased  expansion, 
making  the  length  of  stroke   frequently  three   or  four  times  the 
diameter,  it  was  impossible  to  do  so  in  marine  engines,  which  were 
confined  within  very  narrow  limits,  so  that  the  cylinders  assumed  a 
different  shape  from  those  in  other  engines ;    in  marine  engines  of 
1200  horse  power  now  being  made  the  diameter  of  the  cylinder  was 
more  than  double  the  length  of  stroke,  the  diameter  being  nearly 
10  feet  while  the  stroke  was  only  4  feet.      In  cylinders  of  these  large 
diameters  however,  not  only  was  the  initial  blow  of  the  steam  vety 
much  in  excess  of  anything  that  was  met  with  in  pumping  engines, 
but  there  was  a  heavy  loss  in  the  clearance  space  at  the  end  of  the 
cylinder,  bearing  a  large  proportion  to  the  whole  steam  used  if  the 
steam  were  cut  off  at  an  early  part  of  the  stroke.    The  double  cylinder 
engine  had  therefore  a  great  advantage  for  short  strokes,  by  reducing 
the  initial  blow  with  a  high  degree  of  expansion,  and  he  believed 
it  afforded  the  only  practical  mode  of  carrying  out  expansion  to  any 
high  degree  in  marine  engines*       He  had  proposed  placing  the 
cylinders  horizontal,  with  the  small  cylinder  at  the  back  of  the  large 
one,  instead  of  the  vertical  arrangement  adopted  in  the  ^*  Mooltan  *' 
and  other  vessels,  because  he  objected  to  raising  the  enginesi  especially 
when  the  cylinders  were  large  and  heavy* 
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The  degree  of  expansion  and  point  of  cut  o£f  to  be  adopted  depended 
npon  the  pressnre  of  steam  employed:  mth  an  initial  pressure  of 
20  lbs.  per  square  inch  above~  the  atmosphere  he  had  proposed  that  the 
steam  should  be  expanded  7  times,  and  about  10  times  for  60  lbs. 
total  pressure,  and  perhaps  18  times  for  120  lbs.,  the  economy  obtained 
being  greater  the  higher  the  pressure  of  steam  used.  The  expansion 
of  7  times  was  the  same  that  had  been  adopted  by  Mr.  Humphrys 
and  Messrs.  Randolph  and  Elder  with  20  lbs.  st^am  or  35  lbs.  total 
pressure,  the  object  being  to  expand  the  steam  down  to  a  final 
pressure  of  about  4}  or  5  lbs.  per  square  inch  above  a  vacuum. 

When  expansion  was  fully  carried  out  in  marine  engines  there  was 
reason  to  look  forwards  to  the  consumption  of  fuel  being  reduced  to 
less  than  half  ivhat  it  now  was.  At  present  the  average  consumption 
reached  4^  or  5  lbs.  per  indicated  horse  power  per  hour,  but  by 
expanding  7  times  with  20  lbs.  steam  he  believed  this  would  be 
brought  down  to  2  j  lbs.  per  horse  power  per  hour ;  and  if  surface 
condensation  were  employed  in  addition,  the  consumption  would  be 
farther  reduced  to  2 4  lbs.  of  fuel,  which  was  the  actual  consumption 
in  the  engines  of  the  ^'  Mooltan"  during  a  continuous  sea  voyage, 
and  also  in  Messrs.  Randolph  and  Elder's  engines. 

Mr.  E.  A.  OowPBR  did  not  consider  it  was  necessary  to  adopt  the 
plan  that  had  been  mentioned  of  having  three  cylinders  in  marine 
engines  for  obtaining  a  high  degree  of  expansion ;  nor  did  he  think 
the  other  plan  of  putting  the  small  cylinder  inside  the  large  one  was 
altogether  advisable,  as  it  involved  certain  complications  of  construction. 
In  the  latter  case,  although  there  were  two  cylinders,  they  could  act 
only  on  one  crank ;  and  the  outer  annular  piston  would  be  subject  to 
a  great  amount  of  wear,  by  being  confined  between  the  two  cylinders, 
instead  of  being  left  as  free  as  possible  in  working,  which  was 
particularly  desirable  in  a  marine  engine.  The  use  of  two  cylinders 
of  different  size  with  cranks  at  right  angles  had  been  tried  several 
times,  by  Mr.  Zander  about  fourteen  years  ago,  by  Mr.  Rontgen 
about  eleven  years  ago  on  the  Rhine,  and  by  himself  twelve  years  ago, 
the  steam  expanding  out  of  the  small  cylinder  into  the  large  one : 
^  plan  required  a  space  between  the  two  cylinders  for  the  steam  to 
expand  into  on  leaving  the  small  cylinder,  because  at  the  end  of  the 
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stroke  of  the  small  cjlinder  the  crank  of  the  large  cylinder  was  at  half 
stroke,  and  therefore  not  in  the  position  for  taking  steam,  so  that  a 
steam- jacketted  resenroir  was  required  into  which  the  steam  could  be 
exhausted  from  the  small  >  cylinder,  and  in  which  it  conld  be  kept 
without  any  loss  of  heat  and  be  slightly  superheated  before  being 
admitted  into  the  larger  cylinder.  In  this  particular  arrangement  he 
had  found  that  a  great  advantage  in  uniformity  of  power  was  obtained 
"by  cutting  off  the  steam  at  particular  points  near  half  stroke  in  both 
cylinders  :  it  had  been  proposed  many  years  ago  to  cut  off  the  steam 
at  half  stroke,  with  the  view  of  obtaining  uniformity  of  rotative  power ; 
but  the  exact  point  of  cut  off  had  to  be  ascertained  for  each  case,  to 
produce  the  best  result.  The  total  variation  from  the  average  rotative 
power  when  the  steam  was  admitted  through  the  whole  stroke  in  both 
cylinders  was  81  per  cent.;  but  when  cutting  off  at. the  most 
advantageous  point  near  half  stroke  in  each  cylinder  it  was  only 
14  per  cent.  This  was  shown  in  the  diagram,  Fig.  12,  Plate  75,  in 
which  the  curve  L  represented  the  rotative  power  obtained  from  one 
cylinder  throughout  one  revolution  of  the  crank,  as  measured  by  the 
height  of  the  curve  at  successive  points  from  the  base  line  X,  which 
represented  the  path  of  the  crank ;  and  the  curve  M  represented  the 
power  obtained  at  the  same  time  from  the  second  cylinder,  the  steam 
being  admitted  throughout  the  whole  stroke  in  each  cylinder.  The 
curve  N  gave  the  combined  rotative  power  of  the  two  cylinders  at  the 
successive  points  of  the  entire  revolution,  measured  from  tiie  base 
line  Y ;  and  showed  an  extreme  variation  in  the  power  of  31  per  cent, 
from  the  average  line  P.  The  curves  R  and  S  showed  similarly  the 
rotative  power  when  the  steam  was  cut  off  at  the  most  advantageons 
point  near  half  stroke  in  both  cylinders ;  and  the  curve  T  gave  the 
combined  rotative  power  of  the  two  cylinders  in  that  case,  showing  a 
variation  of  only  14  per  cent,  from  the  average  line  U,  and  thus  giving 
a  practical  uniformity  of  effect.  In  the  diagran^  the  length  of  the 
connecting  rod  had  been  taken  into  account.  In  the  case  of  using  ioll 
steam  throughout  the  whole  stroke  it  had  also  to  be  observed  that  the 
variations  in  rotative  power  were  not  only  large  in  amount  but  long 
continued ;  for  instance  in  the  first  quarter  of  the  revolution  the  power 
was  greatly  in  excess  of  the  average,  but  in  the  third  quarter  it  was 
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greatly  b«low  the  average,  as  shown  by  the  carve  N  in  the  diagram. 
When  ontting  off  however  at  the  most  advantageous  point,  each 
quarter  of  the  revolution  had  nearly  the  same  rotative  power,  as 
shown  by  the  carve  T.  The  amount  of  power  not  obtained  from  the 
steam,  owing  to  the  drop  in  the  expansion  curve  at  the  point  of 
exhansting  into  the  reservoir  from  the  small  cylinder,  when  catting 
off  at  nearly  half  stroke  in  both  cylinders  and  expanding  nearly  nine 
times,  was  very  small  in  amount,  and  formed  an  insignificant  portion 
of  the  whole  power,  as  shown  by  the  combined  indicator  figures 
taken  from  the  two  cylinders,  compared  with  the  true  expansion 
curve  or  such  as  would  be  given  from  a  single  cylinder  having  the 
whole  expansion  performed  in  it.  This  was  the  result  that  had  been 
obtained  with  a  40  horse  power  horizontal  engine  constructed  on  this 
plan  by  Messrs.  Walter  May  and  Co.,  shown  at  the  Intemationfil 
Exhibition.  The  great  uniformity  of  rotative  power  obtained, 
together  with  the  great  economy,  would  prove  most  important 
advantages  in  the  case  of  cotton  mills,  flour  mills,  marine  and  pumping 
oigines,  and  indeed  manufactures  generally. 

Mr.  T.  H  AWKSLET  remarked  that  from  his  own  experience  he  believed 

that  in  pumping  water  the  single  cylinder  rotative  engine  expanding 

the  steam  not  more  than  three  or  four  times,  with  a  boiler  pressure 

not  exceeding  80  lbs.  per  square  inch  above  the  atmosphere,  was  for 

all  ordinary  purposes  the  best  kind  of  engine  that  could  be  adopted. 

Such  an  engine  did  not  indeed  realise  all  the  advantages  which  theory 

assigned  to  the  double  cylinder  engine,  and  the  power  of  the  steam 

might  undoubtedly  be  utilised  to  a  greater  extent  by  carrying  the 

expansion  further.     But  practically,  whether  as  r^^rded  the  first  cost 

of  the  engine  or  its  durability  or  the  facility  of  its  management,  he 

was  convinced  that  a  single  cylinder  engine,  worked   as  he  had 

mentioned,  was  as  a  general  rule  the  best  that  could  be  applied  to 

pumping  purposes.     Where  the  district  to  be  supplied  was  generally 

fiat,  such  as  the  east  of  London,   and  where  the  water  could  be 

delivered  into  a  stand-pipe  to  one  uniform  height,  he  considered  the 

single  cylinder  Oomish  engine  with  loaded  plunger  was  eligible  for 

pumping.     Also  in  raising  water  from  a  de^  pit,  which  frequently 

had  to  be  done  for  the  stipply  of  towns  as  well  as  in  draining  mines. 
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he  had  found  the  Cornish  engine  was  again  practically  the  best, 
hecause  it  worked  under  a  nniform  steady  pressare  without  being 
exposed  to  fluctuations  from  any  cause,  and  gave  due  time  for  the 
rods  to  come  to  rest ;  and  this  was  a  case  in  which  the  expansion 
could  be  carried  somewhat  further  than  three  or  four  times.  There 
were  cases  howeyer  in  which  it  was  desirable  to  use  the  douhle  cylinder 
engine,  and  these  formed  probably  the  great  majority  of  all  the  cases 
that  occurred  in  waterworks :  where  the  water  had  to  be  pumped 
either  direct  into  the  town  or  into  a  remote  reservoir,  and  where 
consequently  the  water  was  taken  off  from  the  mains  at  intermediate 
and  irregular  intervals,  producing  a  considerable  variation  in  the 
amount  of  pressure ;  and  also  where  the  height  to  which  the  water 
had  to  be  raised  rendered  a  stand-pipe  unavailable.  Here  it  was 
found  useful  to  apply  a  flywheel ;  and  it  was  then  also  desirable  to 
carry  out  the  expansion  to  a  considerable  extent,  as  the  steam  oonld 
in  practice  be  expanded  further  when  a  flywheel  was  used  than  in 
the  Cornish  engine  without  flywheel.  It  therefore  became  a  con- 
sideration how  best  to  get  this  increased  amount  of  expansion ;  and 
the  double  cylinder  engine  was  found,  as  shown  in  the  first  of  the  two 
papers  that  had  just  been  read,  to  afford  the  means  of  so  limiting  the 
initial  blow  of  the  steam  as  that  practically  there  was  no  necessitf 
for  employing  a  great  weight  of  material  to  obtain  the  reqaisite 
strength  in  the  engine,  since  the  strain  on  all  the  machinery  coold 
be  reduced  to  a  minimum  for  a  given  power,  by  properly  adjosting 
the  proportions  of  the  two  cylinders  and  cutting  off  at  the  proper 
point  of  the  stroke  in  the  small  cylinder. 

In  reference  to  the  actual  extent  of  expansion  that  could  be  realised, 
very  high  degrees  of  expansion  were  often  spoken  of,  with  corresponding 
economy  of  fuel ;  but  he  considered  the  expansive  power  of  steam  at 
ordinary  pressures  could  not  be  realised  beneficially  beyond  a  limited 
extent,  because  the  passive  resistance  in  an  engine  of  moderate  sise 
amounted  practically  to  something  like  5  lbs.  per  square  inch  on  the 
piston.  The  back  pressure  from  defective  vacuum  in  the  cylinder  was 
rarely  less  than  2  lbs.  per  square  inch  in  the  best  constructed  engines : 
and  the  working  friction  of  the  engine  under  its  load,  even  in  engines 
.of  considerable  size,  was  seldom  below  3  lbs.  per  square  inch  on 
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the  piston ;  sometimes  it  was  rather  less,  but  only  in  large  engines. 
Hence  there  was  no  gain  in  carrying  the  expansion  so  far  that  the 
pressure  of  the  steam  should  at  any  time  he  reduced  to  less  than  5  lbs. 
per  square  inch  abore  a  perfect  vacuum,  since  every  portion  of  the 
stroke  that  was  done  with  a  pressure  below  5  lbs.  per  square  inch  was 
done  at  a  loss.  Pumping  engines  for  waterworks  were  generally 
worked  with  steam  at  about  30  lbs.  per  square  inch  above  the 
atmosphere  or  45  lbs.  total  pressure,  and  consequently  the  steam 
ought  not  to  be  expanded  more  than  nine  times  under  those 
circumstances.  If  therefore  under  such  circumstances  steam  were 
expanded  as  much  as  fifteen  times  from  the  same  initial  pressure  in  the 
engines  described  in  the  paper,  as  had  been  stated,  part  of  the 
expansion  must  have  been  performed  at  a  loss. 

It  had  also  been  stated  that  in  one  trial  of  the  double  cylinder 
pumping  engines  a  duty  was  realised  of  about  ISO  millions  of  lbs. 
raised  one  foot  high  by  112  lbs.  of  coal,  giving  a  consumption  of  about 
1'7  lbs.  per  horse  power  per  hour;  but  by  the  ordinary  calculation 
that  would  require  an  expansion  of  forty  times,  and  as  it  was  clear 
this  could  not  have  been  the  case,  he  could  only  conclude  there  had 
been  some  mistake  in  the  experiment,  which  might  readily  arise  from 
a  variety  of  causes.  It  might  not  be  theoretically  impracticable  to 
get  down  the  consumption  of  coal  to  1*7  lbs.  per  horse  power  per  hour, 
bnt  he  was  convinced  it  was  altogether  impossible  to  do  so  under 
the  practical  circumstances  in  which  steam  engines  were  placed,  either 
in  pumping  or  on  board  ship  or  in  driving  machinery.  He  was 
acquainted  with  the  double  cylinder  pumping  engines  described  in  the 
paper,  which  were  certainly  working  with  extraordinary  economy,  and 
he  believed  the  discrepancy  in  the  account  of  their  consumption  was 
sufficiently  explained  by  the  further  statement  that  87  per  cent,  of 
water  had  been  lost  out  of  the  boilers  beyond  the  consumption  that 
corresponded  with  the  volume  and  pressure  of  steam  contained  in  the 
small  cylinder  at  the  point  of  cutting  off.  That  extra  quantity  of 
water  was  no  doubt  carried  over  into  the  cylinder  partly  in  the  form  of 
water  mixed  with  the  steam,  and  partly  as  steam  leaking  in  through 
the  valves  after  the  cut  off :  for  if  the  steam  were  not  superheated  on 
leamg  the  boiler,  it  was  only  by  passing  it  through  a  large  chamber 
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where  it  could  deposit  the  water  mixed  with  it  before  eateriag  the 
cjlinder  that  the  actaal  expansion  carve  in  the  indicator  diagram  coald 
be  brought  into  conformity  with  the  theoretical  line ;  bat  wh^  thk 
proyision  was  made,  and  when  the  valves  were  perfectly  steam-tiglit, 
he  had  found  the  actual  curve  coincided  as  nearly  as  possible  with  the 
theoretical.  He  therefore  believed  the  loss  of  water  that  had  been 
stated  fully  explained  the  high^  pressure  which  was  shown  in  th« 
indicator  diagrams  at  the  end  of  the  stroke,  above  the  final  pressare 
that  would  have  resulted  from  regular  expansion. 

In  the  use  of  high  pressure  steam  its  effect  upon  the  materials  of 
the  engine  was  a  subject  that  required  some  consideration.  He  fa«d 
had  an  opportunity  of  watching  the  progressive  change  from  low 
pjressure  to  high  pressure  steam  that  had  taken  place  daring  the  list 
thirty  years,  and  in  one  instance  that  had  been  under  his  observation  a 
low  pressure  pumping  engine  erected  and  set  to  work  in  1831  had  still 
at  the  present  time  all  its  working  parts  and  even  the  boilers  nearly  u 
perfect  as  at  the  time  when  it  was  put  up ;  while  on  the  other  hand 
engines  using  high  pressure  steam  of  SO  lbs.  and  under,  subsequenthf 
erected  at  the  same  place,  had  had  the  cast  iron  parts  and  many  of 
the  wrought  iron  parts  completely  cut  through  in  the  course  of  ten 
years.  This  could  not  be  due  as  had  been  supposed  to  the  qusHiy  of 
the  tallow,  for  the  same  quality  of  tallow  had  been  used  in  bothoises; 
but  he  believed  it  was  entirely  due  to  a  cutting  or  destructive  action 
of  the  high  pressure  steam  itself.  This  was  therefore  one  of  the  cauei 
of  expense  which  would  limit  the  use  of  high  pressure  steam  in  all 
cases  where  durability  of  the  machinery  was  an  important  point. 

In  making  a  trial  of  any  engines  in  order  to  ascertain  the 
consumption  of  fuel,  the  condition  of  the  boiler  at  the  time  ought  not 
to  be  left  out  of  the  consideration.  For  if  the  boiler  were  thoroughly 
deaned  and  the  flues  also  cleared  of  soot,  the  evaporation  might  be 
increased  in  an  experiment  to  the  extent  of  25  or  80  per  cent,  beyond 
what  was  obtained  in  the  ordinary  working  condition  of  the  b<»ler ; 
and  hence  such  experimental  results  could  not  be  rolied  upon  as  anj 
sure  guide  for  what  might  be  expected  in  regular  practice.  It  wm 
therefore  important  that  in  all  statements  of  the  quantity  of  water 
evaporated  by  a  given  consumption  of  fuel  the  condition  of  the  b<»ler 
should  be  stated  as  well. 
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Mr.  PoLB  remarked  that,  in  reference  to  the  extent  of  expansion 
that  ooald  be  adopted  with  a  given  pressure  of  steam,  there  was  no 
donbt  a  point  beyond  which  no  further  advantage  could  be  got  from 
expansion,  because  the  size  of  cylinder  would  have  to  be  increased  so 
much  that  the  passive  resistance  of  the  engine  would  become  so  great 
as  to  overbalance  the  benefit  of  the  expansion.  But  he  thought  this 
certainly  could  not  be  the  case  in  expanding  up  to  eight  or  nine  times 
with  steam  of  30  lbs.  per  square  inch  above  the  atmosphere ;  and  he 
believed  that  for  practical  purposes  it  was  not  intended  to  work  the 
double  cylinder  engines  to  a  greater  extent  of  expansion  with  that 
pressure. 

As  regarded  economy  of  fuel  and  the  alleged  impossibility  of  getting 
the  consumption  so  low  as  2  lbs.  of  coal  per  horse  power  per  hour  in 
regular  practice,  the  reports  of  the  Oomish  engines  showed  that  many 
of  the  best  engines  had  been  working  regularly  for  years  together  with 
a  duty  of  90  millions  of  lbs.  raised  one  foot  high  by  one  bushel  or 
94  lbs.  of  coal,  which  was  equivalent  to  a  consumption  of  2  lbs.  of 
coal  per  horse  power  per  hour.  The  duty  which  had  been  stated  to 
have  been  obtained  in  the  trial  of  the  double  cylinder  engines,  118 
millions  with  112  lbs.  of  coal,  was  also  equivalent  to  the  same 
consumption  of  2  lbs.  of  coal  per  horse  power  per  hour  ;  and  although 
this  might  seem  an  exceptional  duty  for  the  double  cylinder  engines, 
he  believed  it  would  not  be  found  so,  but  that  in  regular  working  they 
wonld  fall  very  little  short  of  the  best  Cornish  engines. 

Mr.  T.  Hawkslbt  observed  that  the  engines  used  in  Cornwall, 
from  which  so  high  a  duty  had  been  obtained,  were  an  exceptional 
class  of  engines  ;  and  even  in  these  the  duty  at  the  present  time  had 
come  down  from  the  former  amount  of  90  millions  to  a  duty  now  of 
only  56  millions  on  an  average  per  bushel  of  coal.  At  the  time  when 
the  engines  were  worked  at  the  high  duty  of  90  miUions,  it  was  a 
common  saying  that  a  lb.  of  tallow  was  equal  to  a  bushel  of  coal,  and 
the  engines  all  competing  with  one  another  got  more  than  their  proper 
allowance  of  tallow,  so  that  the  consumption  of  coal  was  diminished 
by  the  excessive  lubrication.  Be  was  therefore  satisfied  that  in  engines 
of  ordinary  size  and  under  ordinary  circumstances  it  was  a  mistake  to 
imagine  that  any  such  high  results  as  had  been  spoken  of  oould  be 

o2 
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practically  and  economically  realised  in  regnlar  working,  or  eren  resnlis 
within  50  per  cent,  of  them. 

Mr.  Pole  said  it  was  certainly  the  case  that  the  engines  in 
Cornwall  had  receded  from  their  former  high  dnty,  because  when  an 
engine  was  put  up  new  it  cost  less  in  working  than  afterwards ;  and 
moreover  as  the  workings  in  the  mine  were  extended  deeper,  the 
engine  had  more  work  to  do  and  the  steam  could  not  be  expanded  so 
much,  so  that  less  economy  was  then  obtained. 

Mr.  J.  8gott  Russell  concurred  in  the  importance  of  not  canying 
the  expansion  so  far  as  that  the  pressure  of  the  steam  should  erer  be 
reduced  below  the  passive  resistance  of  the  engine,  in  the  case  of 
marine  engines  and  rotary  engines  generally  where  no  flywheel  wu 
used  ;  but  in  pumping  engines  with  a  heavy  beam  or  flywheel  he 
thought  the  limitation  was  not  so  applicable,  because  here  the 
reservoir  of  momentum  in  the  heavy  mass  in  motion  could  be  drawn 
upon  for  carrying  the  engine  on  to  the  end  of  the  stroke  even  after  the 
pressure  of  steam  in  the  cylinder  had  been  reduced  below  the  resistance 
of  the  engine,  when  without  the  aid  of  that  momentum  the  steam  alone 
would  be  of  no  avail. 

Mr.  Thomson  said  that,  in  reference  to  the  annular  construction  of 
double  cylinder  engine  that  had  been  mentioned,  he  had  last  year  made 
two  pumping  engines  on  that  construction  of  60  horse  power  each,  and 
also  a  small  double  cylinder  engine  for  a  yacht  which  made  from 
300  to  830  revolutions  per  minute.  In  the  latter  instance  the 
arrangement  was  modified  by  making  the  two  pistons  travel  in 
opposite  directions,  iu  order  that  the  engine  might  be  balanced;  and 
with  the  same  object  the  centre  piston  was  made  heavier  than  in  other 
engines,  so  as  to  be  the  same  weight  as  the  annular  piston.  The  point 
of  cut  off  in  the  small  cylinder  could  also  be  varied  from  one  quarter 
to  three  quarters  of  the  stroke,  and  the  expansion  consequently  altered 
between  those  limits.  This  engine  had  moreover  a  surface  condenser, 
with  a  cold  water  pump  to  draw  off  the  condensing  water  from  it^ 
worked  at  tlie  same  speed  as  the  engine ;  but  though  the  speed  was  so 
high  there  was  no  shake  at  all  in  the  pipes  of  the  pump. 

With  regard  to  the  practical  advantage  of  expanding  the  steam 
more   than  three   or   four   times,    and   the   amount   of  the  passive 
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resisfiance  of  the  engine,  the  indicator  diagrams  exhibited,  as  well  as 
others  that  had  frequently  been  taken  from  the  double  cylinder 
pnmping  engines  shown  in  the  drawings,  gaye  a  defective  vacuum  of 
only  about  1  lb.  per  square  inch ;  while  the  total  dead  resistance  of 
the  engine,  including  this  defective  vacuum,  certainly  did  not  amount 
to  anything  like  5  lbs.  per  square  inch  on  the  piston.  He  had  also 
tried  some  experiments  recently  with  several  different  degrees  of 
expansion  in  one  of  the  two  60  horse  power  pumping  engines  with 
annular  cylinders  that  he  had  mentioned,  in  order  to  ascertain  the 
degree  to  which  the  expansion  could  be  advantageously  carried  in 
practice.  For  this  purpose  the  evaporative  duty  of  the  boilers  was 
entirely  left  out  of  the  account,  and  the  engine  having  injection 
condensers  the  quantity  of  injection  water  supplied  was  measured  by  a 
meter  and  thereby  kept  uniform :  the  load  on  the  engine  was  also 
kept  almost  perfectly  uniform,  as  the  engine  was  employed  in 
pumping  water,  and  a  counter  was  attached  to  ascertain  that  there 
was  no  variation  in  the  speed  of  working ;  the  work  done  by  the 
engine  was  thus  measured  and  maintained  as  uniform  as  possible. 
The  expansion  was  then  varied  to  different  degrees  whilst  working, 
the  initial  pressure  of  the  steam  admitted  to  the  cylinder  being 
increased  as  the  degree  of  expansion  was  increased,  so  as  to  keep  the 
total  power  of  the  engine  uniform  throughout  the  experiment,  to 
correspond  with  the  uniform  work  to  be  done.  The  steam  was  first 
cQt  off  at  7-lOths  of  the  stroke  in  the  small  cylinder,  giving  an 
efficient  expansion  of  5*7  times,  neglecting  the  expansion  in  the 
passages  and  clearances,  since  the  larger  or  annular  cylinder  was  four 
times  the  size  of  the  small  inner  cylinder :  and  the  temperature  of  the 
waste  water  in  the  hot  well  being  measured  was  found  to  be  96^  Fahr. 
The  expansion  was  then  increased  by  cutting  off  the  steam  1-lOth 
earlier  in  the  stroke  successively,  and  the  following  results  were 
obtained : — 

Point  of  Cut  off  Total  TempMBrature  of 

in  small  cylinder.  Efficient  Expansion.  Water  in  hot  well 

7-lOths  of  stroke  57  times  96    degrees  Fahr. 

6-10tli8  „  6-7      „  944 

5-10tb8  „  80      „  98i 

4-10th8  „  100      „  92 


8-10th8  „  13-8      „  914  !! 


»-10ths  „  20  0      „  914 


»» 
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Hence  it  appeared  that  no  improYement  was  effected  by  catting  off 
earlier  tlian  d-lOths  of  the  stroke,  making  the  efficient  expsnaoa 
13*3  times ;  for  on  increasing  the  expansion  to  20  times  with  the  oat 
off  at  2-lOths  of  the  stroke,  the  temperature  of  the  waste  water  in  the 
hot  well  was  no  farther  reduced,  bat  remained  the  same  as  in  catting 
off  at  8-lOths.  In  the  temperatares  obtained  in  these  experiments 
the  diminution  indeed  was  certainly  not  so  great  as  it  onght  to  be  b^ 
theory ;  for  with  a  temperature  of  96^  when  the  steam  was  cat  <^  at 
7-10th8  of  the  stroke,  the  diminution  of  temperature  on  cutting  off  at 
8-lOths  ought  to  have  been  something  like  1}  or  l|  times  what  was 
actaally  found. 

The  Chairman  suggested  that  the  quantity  of  water  lost  from  the 
boiler  by  priming  and  carried  orer  with  the  steam  into  the  engine 
would  probably  account  for  the  higher  temperature  in  the  hot  well,  as 
well  as  for  the  increased  pressure  of  steam  at  the  end  of  the  stroke. 
He  enquired  what  was  the  initial  pressure  of  the  steam  when  it  was 
expanded  thirteen  times. 

Mr.  Thomson  thought  that  all  the  heat  which  passed  off  from  the 
engine  must  find  its  way  into  the  condenser,  and  would  there  be  shown 
by  the  temperature  of  the  water  in  the  hot  well,  whidi  was  therefore 
taken  as  the  measure  of  the  waste  of  heat  accompanying  each  grade  of 
expansion.  No  heat  would  pass  into  the  condenser  beyond  that  wfaidi 
remained  in  the  steam  at  the  end  of  the  stroke  after  expansioOi 
excepting  of  course  a  certain  quantity  of  heat  imparted  from  the 
steam  jacket  of  the  cylinder,  which  would  be  the  same  under  all 
circumstances.  The  initial  pressure  of  the  steam  at  ^e  time  of 
expanding  thirteen  times  was  about  30  or  35  lbs.  per  square  indi  abore 
the  atmosphere,  as  shown  by  the  indicator  diagram :  in  ordinary 
working  however  the  steam  was  cut  off  at  half  stroke  in  the  small 
cylinder,  which  gave  an  expansion  of  eight  times,  the  large  cylinder 
being  four  times  the  size  of  the  small  one ;  or  seven  times  efficient 
expansion,  neglecting  the  passages  and  clearances. 

Mr.  T.  Hawkslet  considered  the  experiments  that  had  been 
mentioned  with  different  degrees  of  expansion  did  not  famish  any 
proof  that  the  higher  expansions  were  not  carried  on  at  a  loss ;  and 
he  thought  this  would  not  be  detected  by  the  plan  which  had  been 
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adopted  of  measuring  the  temperatore  in  the  hot  well.  For  in  an 
extreme  case  of  a  cylinder  of  ezcessiye  length,  if  the  steam  were  cat 
off  so  early  as  to  be  expanded  below  the  passiTe  resistance  of  the 
engine  long  before  the  end  of  the  stroke  were  readied,  the  latter  part  of 
the  stroke  would  all  be  done  at  a  loss,  without  the  steam  exerting  any 
appreciable  force  on.  the  piston ;  but  still  almost  the  same  quantity  of 
heat  would  be  sent  forwards  into  the  hot  well  as  if  the  stroke  had 
been  stopped  at  that  point  where  the  pressure  of  the  expanded  steam 
was  just  balanced  by  the  passive  resistance  of  the  engine.  It  was 
therefore  important  to  make  sure  in  every  case  that  none  of  the 
previously  gained  power  should  be  afterwards  wasted  in  merely 
overcoming  the  useless  resistance. 

Mr.  E.  E.  ALiiBH  observed  that  with  steam  of  35  lbs.  per  square 
inch  total  pressure  an  expansion  of  seven  times  would  reduce  the 
pressure  to  5  lbs.  per  square  inch  above  a  perfect  vacuum,  and  he  was 
not  aware  that  it  was  ever  proposed  to  expand  further  with  that  pressure 
of  steam,  certainly  not  in  marine  eoigines ;  since  it  was  generally 
considered  useless  to  reduoe  the  final  pressure  below  that  amount, 
whidi  usually  covered  the  friction  of  the  engine  and  the  back  pressure 
of  the  condoiser ;  and  therefore  a  higher  expansi<m  could  be  adopted 
only  when  a  hi^er  initial  pressure  of  steam  was  used.  It  was 
accordingly  impossible  to  fix  any  particular  grade  of  expansion  for  all 
cases,  but  the  expansion  must  always  be  proportional  to  the  initial 
pressure  of  steam,  so  that  with  55  lbs.  total  pressure  the  steam  should 
be  expanded  ten  or  eleven  times. 

With  regard  to  the  consumption  of  fuel,  he  fully  concurred  in  the 
opinion  that,  if  the  steam  were  only  85  lbs.  per  square  inch  total 
pressure,  by  no  possible  arrangement  could  the  consumption  be  reduced 
to  less  than  about  2  lbs.  of  coal  per  indicated  horse  power  per  hour, 
which  was  the  limit  even  :when  surface  condensation  was  adopted. 
But  if  greater  economy  were  desired,  the  pressure  of  the  steam  must 
be  raised;  and  then  with  120  lbs.  steam  there  would  not  be  the 
slightest  difficulty  he  believed,  even  in  a  marine  engine,  in  reducing 
the  consumption  to  about  1  j  lbs.  of  coal  per  indicated  horse  power 
per  hour. 
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In  reference  to  the  particular  form  of  engine  best  adapted  for 
marine  engines,  the  only  objection  that  he  knew  of  to  the  three  cylinder 
arrangement,  or  the  donble  cylinder  with  cranks  at  right  angles,  was 
the  multiplication  of  connecting  rods  and  piston  rods;  whereas  by 
patting  the  small  cylinder  at  the  back  of  the  large  one,  upon  the  same 
piston  rod,  only  one  connecting  rod  was  required,  and  all  the  parts 
were  reduced  to  the  smallest  size  compatible  with  the  initial  pressure 
of  the  steam  on  the  small  piston  and  the  pressure  of  the  expanded 
steam  on  the  large  piston.  If  it  were  attempted  to  expand  much  in  a 
marine  engine  with  only  a  single  cylinder  of  large  size,  such  as  10  feet 
diameter,  all  the  parts  would  have  to  be  made  strong  enough  to  bear 
the  full  pressure  of  the  steam  on  that  large  area  at  the  beginning  of 
the  stroke;  while  for  all  the  rest  of  the  stroke  the  strength  of  the 
parts  was  much  above  what  was  needed.  In  the  double  cylinder 
arrangement  however  the  high  pressure  steam  admitted  into  the  small 
cylinder  was  reduced  by  expansion  to  about  a  third  of  its  initial 
pressure,  before  being  let  into  the  large  cylinder,  whereby  Ihe  weight 
of  the  engine  was  reduced  fully  2}  cwts.  per  nominal  horse  power. 

As  regarded  the  back  pressure  of  the  imperfect  vacuum,  many 
experiments  had  been  made  on  this  point,  and  he  believed  that  good 
marine  engines  would  work  regularly  with  a  back  pressure  of  aboat 
2}  lbs.  per  square  inch  ;  the  friction  of  the  engine  also  amounted  to 
about  1 }  or  2  lbs.  per  square  inch  on  the  piston,  as  had  been  stated ; 
and  the  total  passive  resistance  of  the  engine  was  therefore  aboot 
4)  lbs.  per  square  inch,  below  which  pressure  the  steam  certainly 
could  not  be  usefully  expanded,  whatever  its  initial  pressure  might 
be. 

The  Chaibkan  proposed  a  vote  of  thanks  to  Mr.  Pole  and 
Mr.  Thomson  for  their  papers,  which  was  passed. 


The  following  paper,  communicated  through  Mr.  J.  Scott  Russell 
of  London,  was  then  read  : — 
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ON  THE  CONSTRUCTION  AND  APPLICATION  OF 
IRON  ARMOUR  FOR  SHIPS  OF  WAR. 


Bt  Ms.  NOBMAN  S.  BUSSELL,  of  London. 


The  problem  of  forming  an  iron  fleet  would  at  first  sight  seem  a 
^mple  matter;  for  starting  with  the  following  facts,  proved  bj 
experiment — ^first,  that  1  inch  thickness  of  iron  breaks  up  shells 
so  as  to  prevent  their  explosion  as  shells  ;  secondly,  that  2 j  inches 
thickness  of  iron  stops  them  completelj,  and  prevents  the  fragments 
of  the  broken  shell  from  being  carried  through  the  ship^s  side  like 
grape ;  and  thirdly,  that  4 J  inches  thickness  stops  the  heaviest  shot 
fired  from  the  most  powerful  guns  which  the  science  and  manufacturing 
skill  of  this  country  have  hitherto  produced — it  is  only  necessary  that 
the  vessels  of  the  present  wooden  fleet,  as  they  already  exist  with 
engines  on  board,  should  be  coated  with  the  heaviest  of  these  three 
thicknesses  of  iron  which  each  ship  is  able  to  carry,  and  an  iron-plated 
fleet  will  then  be  obtained.  It  is  true  that  this  immense  fleet  will 
cost  more  than  a  new  and  efiective  one  of  equal  power  ;  that  not  one 
of  these  vessels  would  be  able  to  cross  the  Atlantic ;  that  the  entire 
fleet  could  not  prevent  a  single  fast  cruiser  from  seizing  all  the  gold 
ships  on  their  way  from  Australia ;  and  that  they  would  not  effectively 
blockade  the  coast  of  any  foreign  power  with  whom  there  might  be 
war:  our  supremacy  at  sea  would  be  gone,  but  we  should  be  safe 
from  invasion,  and  able  to  stop  an  enemy  attempting  to  land  here. 

This  problem  has  already  been  tested  with  regard  to  the  iron- 
coated  French  and  English  batteries.  Several  of  them  were  built  by 
this  country  and  sent  on  their  way  to  the  Crimea ;  but  after  several 
disasters,  and  going  as  fast  as  they  could  under  steam  and  sail,  they 
got  only  half  way,  and  returned  to  this  country  having  done  nothing  : 
in  short  they  were  not  sea  boats.     Such  an  iron -plated  wooden  fleet 
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would  be  of  a  little  more  valne  than  local  batteries  on  shore,  bat  only 
a  very  little ;  tbej  could  sbift  their  position  it  is  tme,  and  provided  it 
was  known  wbere  an  enemy  intended  to  land,  they  could  prevent  his 
landing ;  but  tbeir  advantage  in  this  respect  over  land  batteries  ▼ould 
hardly  compensate  for  their  superior  cost. 

If  it  is  desired  to  retain  our  supremacy  at  sea,  a  fleet  most  be 
formed  that  can  not  only  fight  a  battle,  but  also  ensure  winning  ii 
Such  a  fleet  must  be  designed  and  constructed^anew  from  the  beginning; 
whether  it  shall  be  constructed  entirely  of  iron  or  with  wood  backing 
to  support  the  armour  plates  is  still  an  open  question ;  but  in  order  to 
possess  all  the  good  qualities  whidi  are  required  in  naval  war&re, 
there  can  be  no  doubt  that  the  structure  of  the  vessels  must  be  of  iron. 
The  real  difiSculty  of  the  problem  consists  in  this,  that  any  existing 
ship  of  war  when  iron-K^ated  will  be  alow,  un8eawortl)y,and  combustible, 
and  will  be  incapable  of  long  voyages ;  whereas  the  fleet  of  England 
must  be  able  to  keep  at  sea  for  a  long  time,  to  steam  long  distanees, 
to  go  faster  than  the  ships  of  any  other  country,  and  to  be  in  better 
condition  than  other  fighting  vessels  in  all  weather,  especially  tbe 
worst.  The  whole  difficulty  consists  in  designing  vessels  possessing 
all  these  qualities  in  addition  to  being  shot^proof. 

To  begin  the  consideration  of  an  iron  shot-proof  fleet,  by  taking 
an  example  of  a  vessel  which  it  would  be  wished  to  construct  if 
possible ;  the  question  arises,  can  shot^proof  gun  boats  such  as  have 
hitherto  been  built  be  now  built  140  feet  long,  24  feet  beam,  of 
80  horse  power,  and  carrying  4  guns ;  and  the  answer  is,  they  cannot 
be  built,  because  the  weight  of  iron  would  sink  them.  Even  an 
iron-plated  corvette  of  a  favourite  class,  190  feet  long,  86  feet  beim, 
and  drawing  16  feet  of  water,  propelled  by  250  horse  power  engines, 
could  not  be  constructed.  In  short,  to  carry  a  high  side  out  of 
the  water,  the  ship  cannot  be  much  less  than  60  feet  beam ;  and  to 
go  with  the  requisite  speed  it  must  have  a  length  of  about  400  feet; 
it  would  then  be  a  completely  shot-proof  iron  ship  worthy  of  the  British 
fleet,  but  even  this  vessel  would  be  7000  tons  burden.  Smaller  vessels 
can  of  course  be  built,  but  if  they  are  to  have  good  qualities  and  are 
intended  to  act  in  concert  with  the  more  powerful  vessels,  they  mnst 
be  only  partially  coated  and  will  be  compromises. 
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The  first  ship  of  this  class  will  be  like  the  <^  Warrior,'*  shown  in 
Fig.  1,  Plate  76 ;  the  next  will  be  a  smaller  yessel  with  onlj  the 
engines,  boilers,  and  magazine  protected  ;  and  the  last  will  be  a  small 
shallow-water  gun-boat,  with  one  gun  protected  bj  a  shield  in  front. 
But  as  far  as  a  sea-going  fleet  is  concerned,  the  engines,  boilers,  and 
magazine  must  be  protected  ;  and  it  is  this  indispensable  requirement 
which  makes  an  effective  ship  of  war  really  a  very  large  one.  It 
seems  to  be  agreed  that  14  knots  an  hour  is  the  minimum  speed 
of  fighting  vessels  of  war  for  the  future ;  but  this  speed  cannot  be  got 
in  a  vessel  under  200  feet  long,  and  for  that  purpose  the  lines  must  be 
very  fine.  In  order  to  carry  the  engines  and  boilers,  which  must  be 
protected,  the  ship  must  be  60  feet  longer ;  and  in  order  to  carry  also 
a  coated  battery  of  10  guns  it  will  have  to  be  40  feet  beam ;  and  even 
then  the  vessel  is  only  partially  coated. 

It  will  thus  be  seen  that  the  large  size  of  vessels  which  are  to  be 
entirely  coated,  and  the  mere  partial  coating  of  smaller  vessels,  are 
equally  inevitable.  Both  are  the  results  of  unalterable  laws,  in  the 
adoption  of  which  there  is  no  choice.  This  point  has  to  be  insisted 
upon  the  m&re  strongly,  because  the  question  has  sometimes  been 
eonsidered  as  if  both  the  size  of  vessels  and  the  extent  and  nature  of 
their  armour  were  matters  of  free  choice.  Such  vessels  are  inevitably  of 
enormous  cost,  and  therefore  too  much  pains  cannot  be  bestowed  on  their 
mechanical  design  and  the  structure  and  durability  of  their  armour. 

The  consideration  of  armour  resolves  itself  into  three  principal 
questions  : — ^first,  what  is  the  best  kind  of  armour  merely  to  resist  the 
impact  of- shot ;  for  which  purpose  the  armour  may  be  considered  to 
be  simply  hung  on  the  side  of  the  ship,  in  no  way  contributing  to  the 
strength  of  the  structure  but  merely  as  dead  weight  hanging  on  the 
hull.  Secondly,  what  is  the  best  way  of  forming  the  structure  of  a 
ship  entirely  of  iron,  with  a  view  of  employing  the  whole  strength 
of  the  iron  for  the  purpose  of  rendering  the  structure  of  the  ship 
as  strong  as  possible ;  making  the  vessel  only  so  far  shot-proof  as  the 
nature  of  the  structure  will  admit,  and  considering  resistance  to  shot 
a  secondary  object.  In  the  first  of  these  methods  armour  plates  are 
hung  on  an  already  finished  ship ;    in  the  second  a  ship  is  built  up  of 
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thin  plates  in  sach  a  waj  that  these  plates  may  afford  as  vaA 
protection  as  their  weight  oan  giye.  It  remains  to  he  considered 
however,  thirdly,  whether  the  thick  armonr  plates  and  the  thin  ship 
plates  could  not  be  so  combined  together  in  the  stmctore  of  a  ship  ts 
to  giyo  that  ship  aU  the  benefit  of  them  both  as  armonr  plates  sad  u 
integral  parts  of  the  strength  of  the  ship. 

The  first  of  these  questions  is  easily  disposed  of.  In  the  originsl 
floating  batteries  of  1854  an  ordinary  wooden  hull  of  a  ship  ins 
covered  with  iron  plates  weighing  about  3  tons  each  and  4  indies 
thick,  tacked  on  by  through  bolts  of  1 )  inch  diameter,  slightly  eoaod 
and  countersunk  on  the  outside  with  nuts  on  the  inside,  perforating  of 
course  the  sides  of  the  vessel.  It  is  in  this  simple  and  rode  manncf 
that  the  six  vessels  now  building  by  the  Admiralty  are  coated  ovar, 
with  4J  and  5}  inch  armour  plates.  The  armour  of  the  Frendi 
wooden  vessels  is  also  fixed  in  Uus  manner,  exo^t  that  wood-screws 
have  been  substituted  for  through  bolts  and  nuts,  as  shown  in  Fig.  2, 
Plate  77,  which  represents  a  section  of  the  armour  of  '*  La  Gloire,*^ 
the  first  constructed  of  the  armour-plated  ships. 

The  *^  Warrior,'^  the  first  English  armour-plated  ship,  is  also 
coated  on  this  principle,  as  shown  in  Fig.  8,  which  is  not  a£fected  bjr 
the  circumstance  of  this  vessel  having  an  iron  skin. 

The  first  reliable  experiments  made  in  this  coontiy  on  axmoiir 
plates  were  those  against  the  side  of  the  <'  Trusty  "  in  1859,  of  wliidi 
Admiral  Halsted  has  left  a  valuable  record.  The  armour,  shown 
in  Fig.  4,  Plate  77,  consisted  of  4  inch  iron  plates  fastened  to  the 
side  of  the  vessel,  which  was  equal  in  scantling  to  that  <^  a  90  gun 
ship.  The  general  result  of  these  ei^eriments  was  that  out  of  wan 
than  25  shots,  fired  from  Armstrong,  Whitworth,  and  oidiasiy 
82  pounder  guns,  only  two  shots  pierced  the  armour  at  the  j<»ntB 
of  the  plates,  and  these  were  then  so  spent  that  they  dropped  on  the 
deck  of  the  ship  without  reaching  the  other  side.  It  is  not  knows 
that  any  experiments  were  made  on  the  armour  of  ^'  La  Oloire  " ;  so 
doubt  the  actual  experience  gained  from  the  iron-coated  floatisg 
batteries  at  Einbum  was  considered  of  more  value  than,  aay  which 
could  be  obtained  from  firing  against  a  target  under  circnmstasces 
that  could  scarcely  occur  in  actual  warfare. 
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The  <<  Warrior''  target,  Fig.  8,  Plate  77,  like  the  plating  of 
'*La  Gl<Mie,"  was  based  upon  the  experience  gained  by  the  Freoeh 
floating  batteries  at  Kinburn,  and  )  inch  was  added  to  the  thickness 
of  the  plates  as  an  allowance  for  the  improyementa  in  artillery,  making 
H  inches  total  thickness.  The  plates  were  wider,  and  the  iron  skin  was 
placed  behind,  forming  the  side  of  the  iron  *'  Warrior,**  This  target 
was  sabjeeted  to  the  fire  of  the  ordinary  Armstrong  and  smooth  bore 
guts ;  the  plates  were  driven  in  firom  the  bolt  heads  and  were  bent 
and  backled  in  a  manner  that  proved  their  admirable  qnalities,  but 
the  bolts  were  not  broken,  except  when  strook  by  shot,  and  ihe  skin 
remained  intact.  This  was  the  great  triumph  of  armour  plating, 
which  proved  that  the  iron-coated  ships  then  in  existence  were 
invnlnertble  under  drcumstances  very  unlikely  to  be  reached  in  an 
actual  naval  battle.  Subsequently  experiments  were  tried  with  the 
1(6  pounder  gun,  and  the  three  shots  fired  at  the  target  punched 
a  clean  hole  through  the  armour  plate,  and  lodged  in  the  backing,  but 
did  not  penetrate  the  iron  skin  behind. 

In  the  second  method  of  constructing  iron  war  ships,  the  best 
stroeture  of  the  ship  exclusively  has  been  kept  in  view,  and  it  has  been 
endeavoured  by  increasing  the  thickness  of  tl|e  structure  to  rei^der 
it  shot-proof,  without  sacrificing  any  of  the  materials  for  that  purpose 
bat  retaining  the  use  of  their  whole  strength  in  the  ship.  This  was  a 
vefy  likely  course  for  either  an  engineer  or  a  shipbuilder  to  follow, 
and  those  who  took  up  the  sulject  from  a  mechanical  point  of 
view  have  more  naturally  adopted  this  system,  which  may  be  called 
the  structural  system ;  while  the  artUlerist  took  up  the  former  plan  of 
simple  iron  armour,  neglecting  structural  coAsiderations.  The  principal 
applications  of  this  second  system  are  shown  in  Figs,  ft,  6,  and  7, 
Plate  78. 

ExperimiHits  on  armour  plates  were  made  in  the  United  States  at 
the  begmning  of  the  present  century  by  Mr.  Stevens,  the  father  of  the 
prssent  gfuUm  of  armomr-plated  ships ;  and  the  <<  Stevens  Battery  " 
shewn  in  Fig.  5,  Plate  78,  was  constructed  at  a  later  period  by  the 
American  government  in  consequence  of  those  experiments.  The  ship 
was  only  balf  finished  when  its  construction  was  discontinued ;   but 
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since  tlie  agitation  of  this  question  in  America  several  experiments 
have  been  tried  to  test  the  peculiarities  in  the  construction  of  Uus 
vessel,  bj  subjecting  a  target  of  similar  construction  to  the  fire  of  tiie 
heaviest  American  naval  guns.  This  armour  is  6|  inches  thick  in  all, 
being  composed  of  a  2  inch  plate  with  a  number  of  |  inch  plates 
behind  it.  The  ''Stevens  Battery"  like  the  '' Warrior  "  is  an  iron 
ship,  and  between  the  iron  skin  and  the  armour  there  is  a  timber 
backing  of  14  inches  of  locust  timber.  The  target  was  placed  on  a 
slope  of  27)^  to  the  horizon,  and  fired  at  from  a  distance  of  220  yards 
by  a  10  inch  service  gun  weighing  88  cwts.,  and  subsequently  bja 
Parrot  rifled  gun  of  6  J  inches  bore  weighing  86  cwts.  The  shot  from 
the  10  inch  service  gun  was  solid  spherical  shot  weighing  124  lbs., 
with  a  charge  of  1 1  lbs.  of  powder.  The  deepest  indentation  made 
by  this  shot  in  the  armour  was  If  inch.  Only  100  lbs.  shells  were 
fired  from  the  Parrot  gun,  with  10  lbs.  of  powder,  and  they  made  an 
indentation  only  1  inch  deep.  The  slight  effect  produced  upon  ibe 
Stevens  armour  must  be  attributed  to  the  gpreat  angle  at  which  it  was 
placed  and  the  low  velocity  which  124  lbs.  shot  would  have  when  fired 
with  only  1 1  lbs.  of  powder.  The  Americans  however  still  believe 
that  a  number  of  thin  plates  properly  backed  are  better  able  to  resist 
shot  than  one  plate  of  equal  thickness,  which  can  only  be  considered 
to  arise  from  an  inability  at  present  to  forge  or  roll  thick  sofi  and 
homogeneous  plates  of  large  dimensions. 

The  armour  of  the  ''  Merrimac,"  shown  in  Fig.  6,  Plate  78, 
although  it  was  designed  simply  for  resisting  shot,  must  necessarily 
from  its  peculiar  formation  add  to  the  strength  of  the  ship.  It  was 
not  formed  as  is  generally  supposed  of  railway  bars,  but  in  a  mamier 
much  more  effective  and  ingenious.  Bars  of  iron  6  inches  wide  and 
1)  inch  thick  were  placed  vertically  on  the  side  of  the  ship,  and 
another  outer  layer  of  bars  of  the  same  width  but  2}  inches  thick 
crossed  the  lower  layer  at  right  angles,  the  whole  being  bolted  at 
each  intersection  to  the  side  of  the  ship  by  |  inch  bolts  or  screws. 
This  armour  seems  to  have  stood  remarkably  well  against  the  heariest 
shot  of  the  ships  of  war  to  which  it  was  exposed,  but  fired  at 
loir  velocities ;  for  as  far  as  it  is  known,  no  shot  fired  from  the 
'*  Congress  *'  or  the  '^  Monitor ''  pierced  the  side.     It  forms  probably 
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the  cheapest  annonr  that  can  possibly  be  constracted,  and  has  been 
Introdnced  for  fortifications  by  Captain  Inglis,  where  weight  is  of  no 
consequence  and  cost  is  everything.  In  the  armour  for  ships  of  war 
however  the  case  is  precisely  reversed. 

In  Fig.  1,  Plate  78,  is  shown  a  section  of  the  target  constmcted 
by  Mr.  Hawkshaw,  who  was  one  of  the  first  to  see  the  important 
advantages  to  be  derived  from  the  snbstitntion  of  a  structure  of  thin 
iron  plates  in  place  of  the  thick  armour  plate  with  wood  backing, 
provided  an  equally  effective  resistance  to  shot  could  be  obtained. 
This  target  consisted  of  twelve  2  inch  plates  with  a  2  inch  plate  on 
the  outside,  forming  1 1  inches  thickness  of  iron  altogether,  the  whole 
being  rivetted  together  or  tied  by  1^  inch  screws  tapped  through  all 
the  plates  at  8  inches  pitch.  Only  a  few  shots  were  fired  at  the 
target,  but  the  trial  of  it  was  a  valuable  experiment,  and  the  result 
proved  that  future  ships  of  war  could  not  be  formed  of  thin  plates 
alone,  though  the  question  of  iron  backing  still  remained  open. 

Having  now  considered  armour  without  strength  and  strength 
without  armour,  the  third  method  of  construction  comprises  the  plans 
devised  in  the  belief  that  nothing  but  thick  armour  plates  perfectly 
solid  can  be  shot-proof.  In  this  conviction  it  has  been  attempted  to 
connect  the  iron  armour  directly  and  immediately  with  the  iron  hull 
of  a  ship,  so  as  to  avoid  wood  backing  with  its  rapid  decay,  its  bad 
fastening  and  its  bad  structural  qualities,  and  so  as  to  make  the  entire 
hall  and  armour  one  homogeneous  mass  of  iron,  that  it  may  as  a 
whole  possess  vast  strength  and  great  durability.  When  this  is  done, 
the  enormous  cost  of  a  fleet  of  large  vessels  will*  not  be  perilled  by  the 
chances  of  premature  decay,  and  the  ships  will  not  be  burdened  by 
tiseless  loads  of  material.  Three  plans  have  been  tried  for  this 
purpose.  One  is  that  of  the  Iron  Plate  Committee  who  were  to  try 
the  question  of  iron  against  wooden  backing.  A  second  plan  adopted 
by  Mr.  Samuda  may  be  called  the  thick  plate  structure,  because  it 
takes  the  thick  plates  of  the  armour  and  by  scarfing  them  from  the 
inside  builds  the  upper  part  of  the  hull,  from  the  armour  plates,  so  that 
they  form  the  ship  itself.  The  third  plan  by  Mr.  Scott  Russell  may 
he  called  the  incorporation  structure,  because  the  hull  of  the  ship  is 
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here  built  up  qnite  iadependent  of  the  annoiir,  and  reeesses  an 
prepared  in  thifl  stmctnre  into  which  the  plates  are  let  as  into  oelk, 
and  the  edges  of  the  cells  are  then  riyetted  down  over  the  pktes  in 
snch  a  manner  as  to  incorporate  the  plates  into  the  previonslj  ezisiiiig 
stmctnre ;  bj  this  plan  the  backing  and  fastening  form  parts  of  the 
ship,  and  the  armonr  plates  commnnicate  as  mnoh  strength  st  one 
nnintermpted  riyet  all  ronnd  the  edge  can  give  them. 

The  Iron  Plate  Oommittee,  knowing  the  advantages  to  be  demed 
from  the  snbstitntion  of  an  iron  for  a  wooden  backing,  designed  the 
iron  target  shown  in  Fig.  8,  Plate  78,  which  in  every  way  ezoq^  tiw 
wood  backing  was  on  the  same  principle  as  the  '<  Warrior*'  target 
The  bolting  was  the  same  in  prindplci  and  there  were  ribs  at  the  bs^; 
the  only  difference  being  that  a  little  less  material  was  put  into  the 
skin  and  a  little  more  into  the  ribs.  The  resnlt  proved  the  nttor 
insufficiency  of  the  bolting,  sinoe  8  out  of  the  46  bolts  holding  on  tU 
the  armour  plates  snapped  off  at  the  first  round.  It  also  proved  thit 
an  iron  target  formed  in  this  manner  was  not  an  improvement  on  the 
**  Warrior**  target  so  far  as  resisting  shot  was  concerned.  The  taiget 
would  probably  have  stood  much  better  if  the  backing  and  firamivghid 
been  exactly  the  same  as  in  the  "  Warrior  "  and  had  had  8|  indm 
of  backing  with  10  inch  frames,  instead  of  only  1  inch  skin  and  ribs  of 
twioe  that  depth. 

In  Fig.  9,  Plate  79,  is  shown  the  target  next  experimented  upon, 
designed  by  Mr.  Samuda.  It  differed  from  that  of  the  Iron  PlttB 
Oomnuttee  in  having  5^  inch  plates,  and  having  a  very  diffemit 
system  of  framing ;  the  chief  peculiarity  being  a  strong  thick  piste  at 
the  edges  of  the  armour,  through  which  the  numerous  1|  indi  boHs 
or  rivets  were  fastened.  The  framing  of  this  target  proved  ininior  to 
that  of  the  previous  one,  but  the  plates  eurled  up  iu  a  muoh  less 
degree,  and  stood  better,  excepting  at  the  edges  whore  th^  voe 
weakened  by  the  bolt  holes. 

In  Fig.  10,  Plate  79,  is  shown  the  target  next  tried,  constniotad 
on  lir.  Scott  Busseirs  plan  of  continuous  rivetting,  wholly  ef  inm, 
and  introducing  the  principle  of  fsstening  the  plates  without  bdts. 
The  armour  plates,  of  4|  inches  thickness,  are  fitted  in  between 
wrought  iron  bars  of  the  same  depth  which  run  longitudinalily  sad 
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yertically  aloDg  the  ship's  side  and  form  part  of  its  structure.  These 
bars  are  heated  at  the  outer  edge  and  hanunered  down  over  the 
edges  of  the  adjacent  armour  plates,  in  such  a  way  as  to  form 
one  continuous  rivet  passing  all  round  the  edge  of  each  plate. 
Ihere  are  several  other  plans  for  holding  plates  without  bolts, 
which  differ  only  in  their  practical  execution  from  that  now 
described,  but  their  principle  is  the  same,  and  the  trial  of  this 
Biay  be  considered  in  effect  as  a  trial  of  them  all.  The  result  of 
experiments  proved  that  tl\e  fastening  stood  perfectly,  and  that  an 
iron  target  could  be  constructed  entirely  of  iron  which  could  prevent 
tike  156  lbs.  shot  fired  with  50  lbs.  of  powder  from  passing  through 
the  armour. 

Having  now  examined  the  effect  of  the  shot  upon  all  these  different 
lystems  of  armour  plating,  the  writer  would  submit  the  following 
GODclusions.  In  the  first  place  a  thick  plate  must  be  employed  on  the 
outside  of  the  target.  As  much  of  the  armour  as  practicable  should 
be  put  into  the  structure  of  the  ship,  but  it  must  have  a  thick  plate  on 
tbe  outside.  The  plate  must  not  only  be  a  thick  one,  but  it  must  also 
be  a  wide  one  ;  in  other  words  the  fewer  cracks  in  the  armour  to  begin 
with  the  better.  The  large  plates  are  of  course  very  expensive,  and  it 
would  be  highly  satitfactory  if  smaller  ones  could  be  made  to  do 
ss  well ;  but  the  68  lbs.  shot  insists  upon  large  armour  plates  if  it  is 
to  be  kept  outside  the  ship. 

The  next  fact,  which  is  common  to  armour  backed  with  wood  and 
armour  backed  with  iron,  is  that  every  bolt  hole  weakens  the  plate. 
A  large  bolt  hole  does  not  weaken  it  more  than  a  small  one ;  and  if 
bolting  is  found  to  be  the  best  mode  of  fastening,  the  bolts  should  be 
large  and  there  should  be  few  of  them.  The  holding  of  the  plate  is  of 
more  consequence  in  an  iron  than  in  a  wooden  target,  for  this  reason, 
that  the  iron  plate  is  driven  bodily  into  the  wood  and  the  only  purpose 
whieh  the  fixing  serves  is  to  keep  the  plate  from  absolutely  falling  off. 
It  would  prove  a  very  instructive  experiment  and  would  not  cost 
much  to  have  the  '<  Warrior ''  itself  subjected  to  the  same  test  as  its 
section  at  Shoeburyness,  and  then  sent  to  sea  to  try  the  effect  of  the 
rolling  of  the  ship  upon  the  loosened  plates ;  the  dockyards  would 
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also  have  an  opportunity  of  finding  out  the  easiest  and  most  efficient 
method  of  repairing  such  an  iron  fleet. 

It  seems  very  remarkable  that  in  the  construction  of  armtor 
plating  such  different  mechanical  proportions  should  have  been  adopted 
from  those  of  other  iron  constructions,  and  that  while  1  inch  plates 
would  be  fastened  together  with  Ij  inch  rivets  or  bolts,  a  large  plate 
20  feet  long,  upwards  of  3  feet  wide,  and  weighing  more  than  5  tons, 
should  be  fastened  on  by  only  fifteen  2  inch  bolts.  Mr.  Samnda's 
target  was  far  less  injured  and  far  less  changed  in  general  shape  tlian 
that  of  the  Iron  Plate  Committee,  for  the  simple  reason  that  there  were 
a  larger  number  of  bolts  to  hold  the  plate  to  the  skin ;  but  they  were 
unfortunately  so  close  together  that  a  couple  of' shots  happening  to 
strike  the  edges  of  the  plates  where  they  were  weakened  by  the  holes, 
one  of  the  shots  wenjt  clean  through.  In  Mr.  Scott  Russell^s  target, 
constructed  on  the  principle  of  fastening  without  bolts,  the  fice  of 
the  target  was  less  disturbed.  The  area  of  fastening  or  bolting  to  a 
given  plate  on  this  principle  is  12  times  that  of  Mr.  Samnda's 
and  25  times  that  of  the  Iron  Plate  Committee* s  target. 

The  effect  of  shot  on  a  target  having  wooden  backing  is  to  expend 
all  its  force  on  the  armour  plate,  which  is  twisted  and  bent  and  corled 
up  at  the  edges,  but  the  iron  skin  remains  intact.  In  the  iron  taiget, 
on  the  other  hand,  the  skin  and  backing  divide  the  work  with  the 
armour  plate,  and  while  the  skin  is  broken  through,  the  annoor 
plate  remains  but  little  injured  ;  and  probably,  although  several  shots 
did  go  through  the  two  iron  targets,  if  the  firing  were  continued  on 
them  as  well  as  on  the  '^  Warrior  **  target,  the  latter  woold  be 
smashed  in  long  before  either  of  the  former. 

Whenever  therefore  ships  come  to  be  built  entirely  of  iron,  as  will 
be  the  case  at  some  future  time  if  not  now,  it  is  submitted  that  they 
must  have  the  following  qualities :  the  armour  plates  must  be  wide, 
there  must  be  no  bolts,  the  fastenings  must  be  large,  and  there  mnst 
be  an  inner  skin  to  prevent  the  pieces  of  iron  from  flying  among  the 
crew.  Such  an  armour  will  then  be  superior  in  resisting  power  to  that 
of  the  ^*  Warrior,'*  adding  to  the  strength  of  the  ship  instead  of 
detracting  from  it,  having  a  skin  uninjured  and  independent  of  the 
armour ;  and  it  will  cost  nothing  for  repair,  but  will  last  for  ever. 
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It  is  important  to  glaace  at  the  power  of  shot  fired  at  high 
reloeiUes  to  penetrate  iron  armour,  and  the  capahilities  of  the  iron 
annonr  for  resisting  solid  shot.  Not  much  is  known  positively 
respecting  this,  hat  the  following  facts  are  tolerahly  well  ascertained  : 
that  the  110  Ihs.  Armstrong  shot  has  a  velocity  of  1200  feet  per 
second,  the  68  Ihs.  a  velocity  of  1580  feet  per  second,  and  the  156  lbs. 
a  velodty  of  1700  feet  per  second ;  and  that  these  shots  have  respective 
penetrating  powers  of  158,  170,  and  480.  It  is  also  believed  that, 
while  the  penetrating  power  of  shot  is  as  the  jsquare  of  its  velocity,  the 
resisting  power  of  a  plate  is  as  the  square  of  its  thickness.  This  has 
not  been  absolutely  proved  by  experiment,  but  is  probably  not  far 
from  the  truth,  and  any  error  is  due  to  the  difficulty  of  manufacturing 
thick  plates  as  homogeneous  as  thin  ones.  Assuming  then  the  two 
following  data,  that  the  68  lbs.  shot  just  does  not  pierce  a  4  inch 
plate,  and  that  the  156  lbs.  shot  just  does  not  pierce  a  4}  inch  plate 
backed  by  8  inches  of  iron,  it  can  be  determined  approximately  what 
thickness  of  plate  and  backing  would  be  required  to  stop  a  given  shot 
having  a  given  velocity,  and  what  size  of  vessel  would  be  needed  to 
cany  such  armour  and  also  to  possess  all  the  qualities  necessary 
in  a  ship  of  war.  At  present  the  shot  fired  from  the  most  powerful 
gun  yet  made  is  stopped  by  a  4}  inch  armour  plate  and  8  inches 
backing  of  iron,  and  the  vessel  necessary  to  carry  such  armour  is  of 
7200  tons  burden,  and  has  a  displacement  of  10500  tons,  a  saving.in 
weight  of  600  tons  being  here  made  by  the  adoption  of  the  iron  backing. 

Although  however  no  shot  has  penetrated  the  strongest  armour 
hitherto  made,  guns  will  doubtless  be  made  to  pierce  it,  for  an 
Armstrong  gun  is  now  being  manufactured  to  throw  a  800  lbs. 
spherical  shot,  and  guns  will  probably  be  made  to  throw  400  and 
500  lbs.  shots.  On  the  other  hand,  although  4  inch  armour  is  no 
longer  invulnerable,  it  must  not  be  considered  that  the  thickness  of 
armour  cannot  be  increased  because  a  vessel'  could  not  carry  the 
additional  weight ;  and  the  writer  wishes  to  show  that  when  the  more 
powerful  guns  are  manufactured  and  used  in  large  numbers  not  only 
can  the  shot  be  stopped  by  armour  of  reasonable  dimensions,  but  this 
armour  can  be  carried  by  vessels  of  such  moderate  dimensions  as  to 
offer  a  fair  prospect  of  the  race  between  armour  and  artillery  being 

q2 


800 


IRON  ABMOUB   FOB   SHIPS. 


oontiniied  for  the  next  twenty  or  thirty  years.  Thus  taking  the  gon 
now  in  progress  for  throwing  a  800  lbs.  spherical  shot,  which  may  be 
assumed  to  have  a  velocity  of  2000  feet  per  second  at  a  range  of 
200  yards,  this  shot  may  according  to  the  preceding  data,  be  stopped 
by  a  plate  7  inches  thick  and  backed  by  4i  inches  of  iron,  as  shown  in 
Fig.  11|  Plate  79.  The  minimnm  vessel  required  to  cany  soch 
armonr  from  end  to  end  would  be  of  12000  tons  burden  and  would  be 
propelled  by  engines  of  2000  horse  power  at  a  speed  of  15  knots  per 
hour ;  1500  tons  weight  would  be  saved  in  the  construction  by  the  use 
of  iron  instead  of  wooden  backing.  Assuming  still  further  that  a  gon 
is  made  to  throw  a  spherical  shot  weighing  500  lbs.  having  a  velocity  of 
2500  feet  per  second,  such  a  shot  could  on  the  same  data  be  stopped  by 


Table  of  Dtmeruums  of  Vessels 
to  carry  different  thicknesses  of  Armomr. 


4iinch 

7  Inch 

11  inch 

Armour. 

Armour. 

Armour. 

Length  of  Veesel . 

400  feet 

GOO  feet 

600  feet 

Breadth  .... 

60  feet 

70  feet 

80  feet 

Tonnage      .... 

7200  tons 

12000  tons 

20000  tons 

Horse  Power  of  Engines 

1800  h.p. 

2000  h.p. 

8000  hp. 

Weight  of  Engines 

1800  tons 

2000  tons 

^  8000  tons 

1,        Armour  . 

2000    „ 

4800    „ 

10000    H 

„        Hull    . 

2000    „ 

8700    „ 

6000   „ 

,1        Goals 

4000    „ 

6000    „ 

7600   „ 

„       Armamait  . 
Total  diBplaoement . 

700    „ 
10500  tons 

1000    „ 

1600   „ 
27000  tone 

16000  tons 

Weight  saved  by  adoption ) 
of  iron  backing    .        J 

600  tons 

1500  tons 

4000  tons 
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11  inch  ttrmonr  plates  backed  by  8  inches  of  iron,  as  shown  in  Fig.  12, 
Plate  79 ;  and  this  armour  could  be  carried  from  end  to  end  by  a 
vessel  of  20000  tons  burden  and  8000  horse  power,  which  would  be 
under  the  size  abready  attained  in  the  Great  Eastern.  A  comparatiye 
calculation  of  these  vessels  is  given  in  the  accompanying  table. 

It  must  be  borne  in  mind  that  these  vessels  are  coated  from  end  to 
end ;  and  smaller  vessels  can  be  made,  but  they  must  be  only  partially 
coated  ?nth  these  heavy  plates.  It  will  thus  be  seen  that  the  days  of 
armour-plated  ships  do  not  end  with  4}  inch  armour,  but  that  there 
will  always  be  a  race  between  armour,  and  artillery  :  defence  has  up  to 
the  present  time  had  rather  the  best  of  it,  but  that  will  not  last  long. 
It  is  only  to  be  hoped  that  it  may  long  remain  a  friendly  race  between 
artillerists  and  constructors  of  armotar. 


Mr.  W.  PoLB  thought  the  paper  that  had  been  read  gave  a  fair 
account  of  what  had  hitherto  been  done  in  the  construction  of  iron 
armour  for  ships.  Ab  a  member  of  the  Iron  Plate  Committee  he 
would  explain  that  the  reason  why  the  Committee's  target  was  not 
made  with  precisely  the  same  backing  as  the  '*  Warrior  "  target  was 
that  it  was  wished  to  try  some  modification  in  the  backing,  but  without 
adding  to  the  weight  of  the  target,  which  was  intended  to  be  in  other 
respects  as  much  like  the  **  Warrior  "  target  as  it  could  be  made. 

The  quality  of  the  iron  of  which  the  armour  plates  were  to  be  made 
was  a  subject  requiring  particular  attention,  and  the  first  impression 
was  generally  that  the  plates  should  be  hard,  and  even  steel-clad  ships 
had  been  proposed.  This  was  however  entirely  a  mistake ;  for  the 
results  of  a  large  number  of  experiments  tried  by  the  Committee  with 
iron  and  steel  plates  of  all  qualities  proved  most  decisively  that, 
instead  of  being  hard,  the  proper  material  for  armour  plates  was  that 
which  was  as  soft  and  as  tough  as.  possible.     Hardness,  whether  in 
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steel  or  iron,  was  quite  out  of  tbe  question.     Steel  plates  bad  been 
tried,  and  tbey  proved  tbe  worst  tbat  could  be  used  for  snob  a  purpose; 
tbej  broke  up  under  tbe  blow  of  tbe  sbot  and  became  entirely  useless : 
semi-steel  was  sligbtlj  less  objectionable,  and  bard  iron  was  ihe  next 
in  order.     Tbe  evil  was  tbat  all  bard  material  cracked,  wbereas  soft 
material  bent  about  and  became  indented  witbouj;  cracking ;  and  for 
secaring  a  safe  protection  tbe  object  was  to  get  plates  ibat  would  bend 
witbout  cracking.     If  tbe  plates  cracked,  two  or  tbree  sbots  woold 
make  tbem  crack  in  different  directions,  so  tbat  pieces  of  tbe  plates 
would  fall  off,  and  tberefore  a  crack  was  tbe  worst  result  tbat  eonld  be 
obtained.     Accordingly  the  best  kind  of  plate  for  armour  was  that 
wbicb  was  as  soft  and  tougb  as  possible,  and  tougbness  generally 
appeared  to  go  witb  softness.     Tbe  best  descriptions  of  iron  bad  been 
tried,  and  wben  tbey  were  soft  tbey  answered  very  well ;  but  even 
expensive  qualities  of  iron,  if  not  soft,  would  not  do,  because  it  wss 
softness  tbat  was  indispensable.     Hence  an  important  result  arrived 
at  was  tbat  expensive  qualities  of  iron  were  not  necessary  for  aimonr 
plates,  for  it  was  possible  to  get  iron  of  very  reasonable  cost  which 
possessed  tbe  quality  of  softness  sufficiently  for  this  purpose,  and  the 
great  object  in  making  armour  plates  was  now  to  use  iron  as  soft  as 
could  be  got. 

Witb  regard  to  tbe  thickness  of  tbe  armour  plates,  a  general  hope 
had  been  entertained  prior  to  actual  trial  tbat  tbe  plan  of  buildiDg  ap 
tbe  required  thickness  of  iron  by  means  of  a  number  of  thin  plates 
bolted  or  rivet  ted  together  would  prove  successfdl,  in  place  of  a  single 
plate  having  to  be  made  of  very  great  thickness.  In  this  constmction 
of  armour  the  proper  fastening  together  of  tbe  plates  was  a  point  of 
tbe  greatest  importance  ;  and  accordingly  in  tbe  target  constmcted  on 
this  plan,  as  described  in  tbe  paper,  tbe  fastening  was  very  carefolly 
attended  to  :  tbe  holes  were  not  merely  punched  and  tbe  rivets  driven 
in,  but  tbey  were  drilled  witb  great  care  by  Messrs.  Cochrane  in 
the  same  manner  as  the  plates  of  tbe  girders  made  by  them  for  the 
Charing  Cross  railway  bridge ;  and  screwed  bolts  tapped  through  JI 
the  plates  were  also  tried.  Tbe  principle  of  thin  plates  was  thus  tried 
in  its  best  form  up  to  a  total  thickness  of  10  and  14  inches ;  but  when 
the  target  came  to  be  fired  at,  tbe  result  left  no  doubt  that  this  plan  of 
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constraction  was  a  faihirey  and  that  the  outside  plate  at  any  rate  mnst 
be  a  thick  one  and  of  a  soft  quality.  The  reason  appeared  to  be  that 
the  strength  of  a  plate  to  resist  the  blow  of  a  shot  was  something  like 
the  transverse  strength  of  a  beam  supporting  a  weight,  the  strength 
being  in  proportion  to  the  square  of  the  depth  of  the  beam  or  thickness 
of  the  plate,  so  that  a  single  solid  plate  of  great  thickness  possessed 
far  more  resisting  power  than  a  number  of  thin  plates  making  up  the 
same  aggregate  thickness  of  metal.  The  size  of  the  armour  plates 
should  be  made  as  large  as  possible,  in  order  that  the  extent  of  edges 
might  bear  the  least  possible  proportion  to  the  area  of  the  plates, 
because  if  the  shot  struck  the  edges  or  comers  of  a  plate  they  were 
pretty  sure  to  break  off,  but  if  it  struck  in  the  body  of  the  plate, 
away  from  the  edge,  the  iron  had  a  better  chance  of  resisting  the  blow 
without  being  damaged. 

A  good  deal  of  enquiry  had  been  made  as  to  the  best  method  of 
fastening  on  the  armour  plates,  whether  by  bolting  them  on  or  by  some 
other  plan.    In  the  Iron  Plate  Committee's  target  the  bolts  soon  gave 
way,  and  several  plans  had  been  tried  for  doing  away  with  bolts, 
among  which  was  Mr.  Scott  Russell's  ingenious  method  of  holding  in 
the  armour  plate  by  a  sort  of  continuous  rivetting  all  round  the  edge,  * 
like  the  fastening  of  a  picture  in  a  frame,  by  means  of  iron  ribs 
projecting  from  the  backing ;  the  plate  was  then  put  in,  and  the  edges 
of  the  ribs  rivetted  over.     This  plan  of  fastening  the  plates  had  proved 
thoroughly  successful,  though  it  was  a  more  expensive  method ;    and 
bolting  was  certainly  the  simplest  mode  of  fastening,  but  if  bolts  were 
nsed  they  must  be  of  large  size  for  holding  on  plates  of  so  great 
thickness.     For  joining  the  plates  to  one  another,  the  plan  of  grooving 
and  tonguing  was  adopted  in  the  **  Warrior '',  because  it  was  thought- 
that  one  plate  would  assist  the  other  in  receiving  a  blow  at  the  joint. 
That  however  was  found  not  to  be  the  case,  for  instead  of  one  plate 
assisting  the  other,  when  one  plate  was  struck  it  broke  the  other,  and 
therefore  the  plates  were  now  simply  made  to  butt  together  at  the  joints. 
As  regarded  the  question  of  wood  or  iron  backing,  the  general 
impression  after  all  the  trials  was  that  in  reality  the  wood  backing 
was  very  useful,     lliere  had  been  a  desire  to  get  rid  of  wood  backing, 
and  trials  of  iron  backing  had  been  made  for  that  purpose  ;   but  the 
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iron  backing  of  the  Committee's  ttrget  did  not  prove  snooenfiil,  ind 
thongh  that  in  Mr.  Samnda's  and  Mr.  8oott  BoBsell's  tai^eU  had 
gnooeeded  better,  it  was  still  doubtfol  whether  there  was  snfiiaeiit 
warrant  for  the  exclusion  of  wood.  The  wood  backing  appeared  to 
answer  sereral  nsefnl  pnrposes :  for  when  the  plate  was  broken  hy  i 
shot,  the  wood  backing  entirely  stopped  the  pieces  which  woakl 
otherwise  flj  into  the  ship  in  fragments ;  these  got  imbedded  in  the 
wood  and  could  not  go  farther.  Moreover  when  a  shot  stmdE  a  plate, 
if  it  broke  the  plate  it  generailj  broke  ont  a  piece  in  a  oonicsl  fbrnii 
thus  extending  the  fractore  over  a  mnch  larger  area  at  the  back  of  the 
plate,  so  that  the  blow  was  spread  oyer  a  large  sorfiuae  of  the  vood 
backing,  which  had  thus  a  better  chance  of  stopping  the  broken  piece 
of  the  plate,  and  still  preserred  the  inner  iron  skin  and  the  ribs  of  the 
vessel  free  from  injury.  The  wood  backing  thus  rendered  impoitaiit 
seryice  in  protecting  the  vessel,  and,  even  though  the  annonr  plate 
might  be  broken,  the  broken  pieces  remaining  in  their  place  imbedded 
in  the  wood  still  offered  some  resistance  to  a  second  shot  striking  the 
same  spot.  The  object  was  to  keep  out  shot  and  shell,  and  if  the 
broken  pieces  were  not  kept  in  their  place  by  the  backing,  the  shot  and 
shell  could  enter  at  the  fractured  part  of  the  armour  plate.  Another 
advantage  of  the  wood  backing  was  that  it  acted  as  *  buffer  or  cnshioii 
to  prevent  the  jar  when  the  armour  plate  was  struck  by  a  shot  from 
extending  to  the  fastenings  of  the  plate.  The  first  thing  noticed  in 
the  targets  with  iron  backing  when  they  were  fired  at  was  the  enormoos 
vibration  or  jar  produced  by  the  blow,  which  broke  out  the  frstenings 
at  a  great  distance  from  the  spot  struck,  even  as  far  as  11  feet  The 
wood  backing  however  effectually  stopped  the  jar,  and  it  was  foond 
that  in  the  immediate  neighbourhood  of  the  part  struck  the  fastenings 
behind  were  scarcely  disturbed  at  all.  He  thought  there  was  no  other 
mode  of  preventing  the  jar  and  getting  the  required  elasticity  than  hj 
the  use  of  wood,  for  no  other  material  would  be  sufficiently  strong. 
Springs  were  entirely  out  of  the  question,  owing  to  their  weakness  and 
the  excessive  force  that  would  be  brought  against  them.  Even  the 
wood  must  be  as  hard  a  quality  as  possible,  and  teak  was  the  oalj 
wood  that  was  used  for  the  purpose  :  any  of  the  softer  kinds  of  wood 
would  be  totally  useless.    A  further  effect  of  the  wood  backing  wae 
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ihat,  owing  to  its  great  thickness^  it  distributed  the  force  of  the  blow 
of  a  shot  oyer  a  large  extent  of  surface  behind,  whereby  the  injury 
done  to  the  ship's  side  was  much  less  than  if  the  effect  were  made  local 
by  the  force  being  confined  to  the  spot  struck.  These  properties  of 
wood  backing  certainly  appeared  to  give  it  so  great  an  advantage  that 
hitherto  scarcely  any  one  who  had  witnessed  the  experiments  had  seen 
resson  for  doing  away  with  wood,  however  desirable  such  a  step  might 
seem  from  other  considerations. 

Mr.  T.  W.  Plum  enquired  whether  in  Mr.  Scott  Russell's  plan  of 
fixing  the  armour  plates  in  a  frame  any  damage  sustained  in  action 
could  be  repaired  with  facility  ;  and  what  was  the  thickness  of  the  ribs 
or  rivetting  pieces  in  the  waist  or  narrowest  part,  and  whether  the, 
edges  of  the  ribs  were  rivetted  over  cold  in  fixing  the  armour  plates. 

Mr.  N.  8.  RussBLL  replied  that  the  thickness  of  the  ribs  in  the 
narrowest  part  was  about  2  inches ;  it  might  be  made  considerably 
thicker  if  necessary,  but  that  had  not  been  found  requisite.  The 
riyetting  was  done  hot,  the  edges  of  the  ribs  being  simply,  heated  by 
portable  fires  and  then  rivetted  down  over  the  edges  of  the  armour 
plates  by  hand  hammers. 

Mr.  O.  P.  B.  Shbllbt  asked  how  the  vertical  joints  were  made 
between  the  armour  plates  in  this  mode  of  fixing. 

Mr.  N.  8.  RussBLL  explained  that  the  vertical  joints  were  made 
exactly  the  same  as  the  Icmgitudinal  ones,  by  ribs  of  the  same  size 
with  the  edges  rivetted  over.      » 

Mr.  E.  A.  CowPBB  thought  that  in  the  targets  in  which  the  armour 
plates  had  been  fixed  by  bolts  to  iron  taigets  the  bolts  had  not  been 
applied  in  the  best  manner  for  holding  the  plates  securely.  In  one 
target  he  had  noticed  that  there  were  only  a  few  2  inch  bolts  to  fix 
the  armour  plates,  which  were  manifestly  quite  insufficient  for  the 
purpose,  as  he  had  pointed  out  previous  to  the  experiment ;  and  at 
the  first  shot  eleven  bolts  were  broken,  and  the  plates  became  detached : 
in  this  case  the  sectional  area  of  the  bolts  amounted  to  only  l-d7th  of 
the  area  of  the  plates  held  by  them.  As  a  more  secure  mode  of 
holding  the  armour  plates  he  had  suggested  the  plan  of  fixing  them  by 
means  of  strong  square-threaded  screws  of  5  or  6  inches  diameter, 
screwed  in  at  the  comers  and  along  the  joints  of  the  plates  at  about 
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15  inches  pitch,  each  screw  thus  holdiDg  two  adjacent  plates,  which 
would  bind  the  plates  together  more  strongly  than  any  feather  or 
tongned  joint :  this  plan  was  he  expected  about  to  be  practicaUy  tried 
on  the  floating  battery  at  Portsmouth. 

Mr.  J.  Ramsbottom  enquired  whether  any  experiments  had  beoi 
made  with  timber  placed  outside  the  armour  plates,  in-order  to  dimimsh 
the  blow  of  the  shot  upon  the  plates  and  prevent  them  from  being 
broken.  He  thought  20  or  24  inches  thickness  of  timber  placed 
outside  the  plates,  as  thick  as  the  timber  backing  in  the  '<  Warrior," 
might  possibly  have  a  beneficial  effect  in  reducing  the  force  of  the  blow 
on  the  plate. 

Mr.  W.  Pole  said  one  experiment  had  been  tried  with  a  few 
inches  thickness  of  elm  placed  in  front  of  the  target,  which  had  some 
slight  effect  in  reducing  the  damage  done  to  the  armour  plate,  but 
not  much;  and  it  had  also  been  proposed  to  put  a  considerable 
thickness  of  timber,  as  now  suggested,  in  front  of  the  armour  plates, 
with  a  thin  plate  of  iron  again  outside  that  to  form  an  iron  skin,  but  this 
plan  had  not  yet  been  tried.  It  must  be  borne  in  mind  however  that  the 
shot  fired  from  a  gun  had  a  certain  definite  amount  of  power  in  it, 
received  from  the  explosion  of  the  gunpowder,  the  shot  itself  indeed 
being  merely  the  means  of  conveying  that  power  from  the  powder  to 
the  object  struck.  This  definite  amount  of  power  or  work  oontuned  ia 
the  shot  must  therefore  be  expended  in  some  way  or  other  upon  the 
target  or  the  ship's  side,  since  no  contrivance  whatever  could  prevent 
it  from  being  expended.  It  was  as  impossible  to  get  rid  of  the  power 
contained  in  the  shot  as  it  was  to  get  rid  of  matter,  and  therefore  it 
was  a  mistake  to  suppose  that  by  the  use  of  hard  steel  plates  the 
effect  of  the  blow  could  be  annihilated  altogether.  Hence  the  object 
to  be  aimed  at  was  not  to  get  rid  of  the  blow,  but  to  receive  it  in  the 
most  harmless  manner :  and  this  was  best  accomplished  by  using  a 
plate  of  soft  iron  which  would  admit  of  being  knocked  about  and  bent 
and  indented  without  being  actually  fractured,  instead  of  a  hard  plate 
offering  an  unyielding  resistance,  upon  which  therefore  the  work  must 
be  expended  in  actually  breaking  up  the  plate.  It  was  on  this  account 
that  a  soft  and  tough  quality  of  iron  had  so  great  an  advantage  for 
armour  plates  over  a  harder  and  more  brittle  metal.     If  a  small 
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resistanoe  wei^  placed  in  front  of  the  annonr  plates,  by  the  interposition 
of  a  thickness  of  timber,  that  small  resistance  had  of  coarse  to  be 
orercome  first  by  the  shot,  bnt  the  remainder  of  the  power  in  the  shot 
had  still  to  be  expended  on  the  plates.  An  external  layer  of  timber 
would  also  hare  the  disadvantage  of  affording  a  lodgment  for  shell, 
and  of  being  liable  to  be  set  on  fire. 

Mr.  J.  Scott  Russbll  thought  the  explanation  giyen  by  Mr.  Pole 
of  the  respective  merits  of  iron  and  wood  backing  for  armonr  plates 
was  a  very  fair  statement  of  their  relative  advantages.  Though 
himself  strongly  in  favour  of  wood  backing,  he  was  nevertheless  fully 
alive  to  its  faults,  the  principal  of  which  were  the  great  tendency  of 
the  wood  to  unknown  decay  at  uncertain  periods,  the  difficulty  of 
obtaining  a  good  fastening  for  the  armour  plates,  and  the  fact  that 
the  wood  backing  was  a  mere  dead  weight  to  be  carried  by  the  vessel, 
which  certainly  materially  affected  the  strength  of  the  ship.  He  was 
tiiierefore  one  of  those  who  desired  to  see  the  timber  backing  done 
away  with,  on  account  of  its  perishable  nature  and  its  uselessness  in 
reference  to  the  strength  of  an  iron  ship;  and  to  get  instead  a  backing 
incorporated  with  the  structure  of  the  ship,  and  thereby  adding  to  its 
strength.  The  trials  of  the  various  experimental  targets  had  been  a 
great  help  in  this  direction,  and  had  resulted  in  putting  iron  backing 
Tery  much  more  nearly  on  a  par  with  wood  backing.  As  it  was  found 
that  holes  and  bolts  through  the  armour  plates  were  objectionable,  a 
trial  had  been  made  of  a  target  having  as  few  of  them  as  possible  ; 
but  the  result  showed  that  there  was  then  too  little  fastening  for  the 
armour  plates,  and  the  amount  of  fastening  was  therefore  increased, 
with  decided  advantage  to  the  plates. 

An  important  step  was  also  gained  by  the  trials  of  the  target 
composed  of  a  number  of  thin  plates  rivetted  together,  because  it  had 
previously  been  hoped  that  by  some  plan  of  that  sort  a  combination  of 
thin  plates  could  be  made  which  would  effectually  resist  the  heaviest 
shot.  In  this  trial  however  the  shot  went  clean  through  the  whole  of 
the  twelve  |  inch  plates  composing  the  target,  showing  that  no  armour 
would  do  unless  made  in  a  single  thickness  of  metal.  The  4  J  inch 
armour  plates  were  accordingly  what  had  now  been  arrived  at,  with  as 
great  a  thickness  of  timber  or  iron  backing  as  the  ship  could  carry. 

B  2 
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In  addition  to  the  iron  backing  which  he  had  prapoeed  in  place  of  the 
timber  backing,  it  was  intended  to  have  also  a  separate  iron  skin,  plioed 
at  18  inches  distance  at  least  inside  the  armonr  plates;  because  it  wm 
necessary  not  merely  to  make  the  ontside  of  the  ship  as  strong  u 
possible,  but  also  to  protect  <he  men  inside  against  pieces  flying,  which 
was  done  as  effectually  by  this  means  when  the  iron  backing  was  vM 
as  with  the  much  greater  thickness  of  timber  backing.  If  it  were 
conceded  therefore  that  iron  backing  was  now  nearly  on  a  par  with  the 
wood  backing  in  protecting  a  ship,  which  he  believed  to  be  the  case, 
it  was  of  the  greatest  importance  that  further  endeavours  should  he 
made  to  turn  the  scale  in  favour  of  iron  backing;  because  if  this  eoold 
be  accomplished,  the  adoption  of  iron  backing  would  be  a  grett 
advantage  in  strengthening  the  structure  of  the  ship,  and  only  2  inches 
thickness  of  iron  backing  would  be  required  to  replace  every  18  indies 
of  timber  backing.  The  target  already  tried  with  iron  backing  was 
practically  shot-proof  against  the  ordinary  68  lbs.  shot,  and  against 
all  except  the  heaviest  guns,  which  it  had  not  been  intended  to  resist. 
It  did  indeed  prevent  even  the  800  lbs.  shot  from  actually  passing 
through  the  armour ;  but  the  shot  did  so  much  mischief  that  a  battery 
of  BOO  pounder  guns  would  soon  make  a  hole  in  such  a  ship's  side. 
There  was  no  doubt  that  the  contest  between  annour  plates  and  gons 
would  long  go  on  as  it  had  done  at  present,  with  'the  advantage 
alternately  on  the  one  side  for  a  time  and  then  on  the  other :  so  that 
no  construction  of  armour  that  could  be  deyised  would  long  remain 
shot-proof  against  the  continually  increasing  power  of  the  gons 
brought  to  bear  against  it. 

In  his  own  plan  of  fixing  the  armour  plates  on  the  ship's  side,  hj 
means  of  continuous  projecting  ribs  with  the  edges  rivetted  over  the 
armour  plates,  the  fastening  of  the  plates  was  now  rendered  so  seeore 
that  it  would  hold  them  in  place  until  they  were  absolutely  knocked  to 
pieces  by  the  shot ;  and  this  was  the  most  that  could  be  required  of 
any  mode  of  fastening.  With  regard  to  repairs  in  this  mode  of 
construction,  it  certainly  was  not  so  easy  to  take  out  a  damaged 
armour  plate  when  fastened  in  this  way  as  it  was  to  take  off  one  of  the 
ordinary  bolted  plates ;  it  had  indeed  been  purposely  made  as  difficult 
as  possible  to  get  out  one  of  the  plates  when  once  put  in  its  place ; 
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• 

for  it  was  better  to  put  in  the  plates  in  sncb  a  manner  that  they  coald 
not  be  got  out  bj  any  means  than  to  pnt  them  in  so  that  they  could 
be  easily  knocked  out,  for  the  sake  of  being  easily  replaced  after  they 
had  been  knocked  out.  If  this  secure  method  of  fastening  the  plates 
^tabled  a  ship  to  fight  a  hard  battle  safely  and  win  it,  there  could  be 
small  ground  for  complaint  that  it  was  hard  to  get  the  broken  plates 
ont  ID  order  to  put  new  ones  in  for  the  subsequent  repairs. 

Mr.  N.  S.  RussBLii  obserred  that  although  the  repairs  would 
certainly  be  more  troublesome  and  expensiye  when  the  plates  were 
fixed  by  the  new  plan  of  continuous  rivetting,  it  was  not  impossible  to 
repair  them ;  but  the  question  of  repair  was  a  secondary  consideration, 
and  in  the  case  of  the  '^  Warrior  **  target  the  plan  of  dovetailing  the 
plates  into  one  another  had  been  adopted,  in  spite  of  the  difficulty 
thereby  occasioned  of  remoying  a  damaged  plate  at  the  water's  edge, 
which  could  not  be  taken  out  without  removing  all  the  layers  of  plates 
above.  The  plan  that  had  been  suggested  of  fastening  the  plates  by 
large  screws  inserted  along  the  joints  appeared  to  be  the  same  in 
principle  he  thought  as  the  other  plans  for  fastening  without  the  use 
of  through  bolts  in  the  centre  of  the  plates ;  and  independently  of  the 
practical  difficulty  of  cutting  a  thread  of  6  inches  diameter  by  hand  in 
a  ship's  side,  the  area  of  fastening  in  this  plan  amounted  to  only  about 
16  square  inches  section  of  bolt  for  every  15  inches  length  of  joint 
when  the  screws  were  placed  at  15  inches  pitch ;  whereas  in  the  plates 
held  by  continuous  rivetting  the  holding  area  along  the  edges  was 
34  square  inches  for  every  15  inches  length,  the  edge  of  the  projecting 
ribs  being  rivetted  down  so  as  to  cover  more  than  one  inch  width  of 
tile  edge  of  the  plates. 

Mr.  £.  J.  Rebd  thought  that  in  the  present  transitional  state  of 
the  question  between  armour  plates  and  guns  there  could  not  be  much 
objection  to  a  few  wooden  ships  being  built  at  the  present  time  for  the 
fleet,  which  would  be  perfectly  good  for  fightiDg  for  the  next  few 
years ;  and  then  when  this  rivalry  had  gone  on  through  that  time , 
the  ultimate  constraction  of  ship  might  be  introduced,  of  whatever 
character  it  might  be.  In  designing  an  iron  ship  he  would  be  quite 
prepared  to  sacrifice  some  of  the 'resisting  power  obtained  by  the 
present  armour  plates  and  timber  backing,  for  the  sake  of  securing 
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the  great  stractural  strength  given  to  tlie  vessel  by  Mr.  8oott  BoneU's 
plan  of  armonr  with  iron  backing.  Hitherto  however  he  did  not  think 
any  vast  change  was  called  for  in  the  construction  of  annonr-plsted 
ships  :  for  one  of  the  ordinary  50  gon  frigates  conld  now  be  msde 
perfectly  secure  by  means  of  armonr  plates  4}  inches  thick  extending 
down  below  the  water  line,  backed  by  about  8  feet  of  solid  timber,  sad 
provided  with  a  battery  of  twelve  of  the  heaviest  guns  that  had  been 
produced  during  the  last  year ;  this  battery  could  be  secured  not  only 
by  the  external  armour  on  the  sides  of  the  vessel,  but  also  by  siinikr 
armour  on  the  transverse  bulkheads.  The  frigate  thus  equipped  would 
he  believed  be  a  perfect  sea-going  ship,  which  could  go  out  as  secordy 
as  the  *^  Warrior  **  or  any  other  iron-plated  ship,  the  only  penalty 
incurred  by  the  additional  weight  carried  being  about  15  inches  extra 
draught  of  water  and  half  a  knot  per  hour  less  speed :  and  he  had  no 
doubt  that  the  other  wooden  ships  already  existing  in  the  fleet  ooold 
in  the  same  manner  be  made  thoroughly  efficient  for  fighting  aeticHU, 
by  carrying  a  few  very  heavy  guns  fully  protected  instead  of  a  luge 
number  of  unprotected  guns. 

With  regard  to  the  quality  of  the  iron  of  which  the  armonr  plates 
were  made,  he  had  observed  that  where  the  iron  was  of  a  superior 
quality  the  cracks  produced  by  the  shot  were  less  than  where  the 
quality  was  inferior :  and  a  plate  of  hammered  iron  from  the  llismes 
Iron  Works,  tried  at  Portsmouth,  had  several  68  lbs.  shots  sticking  in 
it  as  they  would  do  in  any  soft  material  like  putty,  and  the  iron  was 
not  starred  with  cracks  at  the  places  struck.  In  other  plates  also  from 
the  same  works  it  was  found  that  the  cracks  made  by  the  shot  did  not 
as  a  rule  go  to  the  bolt  holes,  even  where  they  went  round  and  in  the 
neighbourhood  of  the  holes ;  tfhd  wherever  a  crack  did  happen  to  go  to 
a  bolt  hole,  it  almost  invariably  stopped  there.  This  fact  conld  not 
be  taken  as  in  favour  of  bolt  holes  in  preference  to  some  other  mode  of 
fixing  without  holes  through  the  armour  plates,  but  it  showed  at  any 
rate  that  the  bolting  sometime?  did  no  serious  mischief  to  the  strength 
of  the  plates.  At  present  the  question  of  the  method  of  fixing 
appeared  to  lie  between  the  plan  of  through  bolts  and  that  of  continuoni 
rivetting ;  and  he  did  not  think  a'  better  plan  could  be  found  than  the 
latter,  if  it  were  decided  to  do  away  with  bolts  altogether. 
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The  Chaibmah  ooncmred  in  tlunking  that  in  the  present  state  of 
uncertainty  with  regard  to  armoar-plated  ships  the  best  thing  to  be 
done  was  to  make  nse  of  the  wooden  ships  already  existing,  by  coating 
them  with  armour  plates.  In  the  '*  Warrior  "  target  he  thought  very 
much  of  the  strength  was  to  be  attributed  to  the  inner  iron  skin  and 
the  vertical  ribs  forming  the  framing  of  the  target,  without  which  its 
resisting  power  would  be  greatly  diminished.  For  the  strain  produced 
by  the  blow  of  a  shot  diverged  in  a  conical  direction  from  the  point 
struck ;  and  in  the  ''  Warrior'*  target  the  4 J  inch  armour  plate  was 
backed  by  about  20  inches  of  teak,  with  two  layers  of  iron  behind  of 
1)  inch  thickness  together,  all  of  which  was  supported  at  short  intervals 
by  strong  beams  of  double  angle  iron,  corresponding  with  the  rertical 
ribs  of  a  ship :  so  that  a  blow  struck  at  any  spot  on  the  armour  plate 
was  distributed  over  a  large  area  at  the  back,  and  the  effect  was  received 
by  a  large  extent  of  the  strong  angle  iron  framing.  Accordingly  up 
to  the  present  time  no  target  had  been  produced  which  had  as  great 
resisting  power  as  the  ''  Warrior"  target  constructed  in  this  manner. 

He  proposed  a  vote  of  thanks  to  Mr.  Russell  for  the  paper,  which 
was  passed. 
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The  Chaibmah  moved  a  vote  of  thanks^  yrboA  was  paaeed,  to  the 
Local  Committee  and  the  Honomy  Local  Secretary,  Mr.  Chailes 
Cnbitt,  for  the  excellent  arrangements  they  had  made  for  the  meetiBg 
of  the  Institution  in  London,  and  the  handsome  ree^>tifln.  they  had 
giyen  to  the  Members  on  the  oceasion. 

He  also  proposed  a  vote  <^  thanks,  which  was  paased,  to  the 
Council  of  the  Boyal  Listitution,  for  their  kindness  in  gianting  the 
use  of  the  Lecture  Theatre  for  the  purposes  of  the  meeting. 

The  Meeting  then  terminated*  Li  the  erening  the  Members  and 
their  friends  were  entertained  by  the  Local  Committee  at  a  ConyerBasione 
held  in  the  Egyptian  Hall  at  the  Mansion  House,  by  the  kind  permisaioo 
of  the  Lord  Mayor,  where  a  collection  of  machinery,  engineering  models 
and  drawings,  specimens  of  manufiMstures,  microscopes,  &c.,  wss 
exhibited. 


On  Friday,  4th  July,  an  Excursion  of  the  Members  took  plaoe  to 
the  Boyal  Gkm  Factory  and  Arsenal  at  Woolwich,  where  through  tiie 
special  arrangements  kindly  made  by  Mr.  Anderson  they  were  enabled 
to  witness  the  several  processes  of  the  manufacture  and  proving  of 
guns  and  the  other  operations  carried  on  at  the  Arsenal. 

In  the  evening  the  Members  and  their  friends  dined  together  tt 
the  Crystal  Palace,  Sydenham. 


PROCEEDINGS. 


6    NOVBMBEB,    1862. 


The  Gbkeral  Mestiko  of  the  Members  was  held  at  the  house 
of  the  Institution,  Newhall  Street,  Birmingham,  on  Thursday, 
6th  NoTember,  1862;  Charles  F.  Beter,  Esq.,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairhah  announced  that  the  President,  Vice-Presidents, 
and  five  members  of  the  Council  in  rotation,  would  go  out  of  office  in 
the  ensuing  year,  according  to  the  rules  of  the  Institution ;  and  that 
at  the  present  meeting  the  Council  and  Officers  were  to  be  nominated 
for  the  election  at  the  Annual  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Annual  Meeting  :  — 

PRESIDENT. 

BoBEBT  Napier,  ....     Qlasgow. 

VIOE'PBBSIDENTS. 

(Six  of  the  number  to  be  elected.) 


Charles  F.  Betbr, 
Alexander  B.  Coohranb, 
Edward  A.  Cowper,  . 
James  Fenton, 
Benjamin  Fotheroill, 
Thomas  Hawkslet, 
Robert  Hawthorn, 
Sampson  Llotd, 

HSNRT  MaUDSLAT, 

John  Ramsbottom,  . 
C.  William  Siemens, 


Manchester. 

Dudley. 

London. 

Low  Moor. 

London. 

London. 

Newcastle-on-iyne* 

Wednesbury. 

London. 

Crewe. 

London. 

s2 
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COUNCIL. 

(Five  of. the  number  to 

be  elected,) 

FrBDBRIOK   J.    BfiAMWELIi,      . 

.     London. 

Daniel  K.  Clark,  . 

•                  • 

London. 

William  Clat,    . 

«                  ■ 

Lirerpool. 

John  Fbrnib, 

•                  • 

Derby. 

Sib  Charles  Fox, 

•                 * 

London. 

Thomas  Grbbnwood, 

■                  ■ 

Leeds. 

GiLBBRT   HAyiLTOH, 

•                  • 

Birmingliain. 

Edward  Humphrts, 

«                  • 

London. 

James  Kitsok, 

• 

Leeds. 

John  Vbrnon, 

•                  • 

Liverpool. 

The  Chairman  gave  notice  that  it  was  proposed  by  the  Council  to 
move  a  resolution  at  the  ensning  Annual  Meeting : — *'  That  ill 
Members  who  have  filled  the  ofBoe  of  President  of  the  Institntion  be 
ex  officio  permanent  Members  of  Coondl,  under  the  title  of  Put 
Presidents.'* 

The  Chairman  announced  that  the  Ballot  Lists  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  Nev 
Members  were  duly  elected  : — 


MB  MBKRB. 

Joseph  Barrow,  . 
Edward  Barton, 
Henrt  Wollaston  Blake, 
Alfred  Blyth, 
Joshua  Field,     . 
DouoLAs  Qalton,  R.E.,  . 
Thomas  John  Hatnes, 
William  Edward  Newton, 
Alfred  Btansfield  Rake, 

BOBERT   RiOHARDSON, 

Joseph  F.  Strong, 
Richard  Taylor, 

honorary  member. 
William  Whitehead,  . 


Leeds. 

Sheffield. 

London. 

London. 

London. 

London. 

Cadiz. 

London. 

Derby. 

London. 

Allahabad. 

London. 

Sheffield. 


The  following  paper  was  then  read : — 
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ON  A  PACKING  FOR  PISTONS 
OF    STEAM    ENGINES    AND    PUMPS. 


Bt  Mb.  GEOBOE  M.  MILLEB,  op  Dublin. 


This  Packing  oonsists  of  two  rings,  pressed  outwards  against  thd 
cylinder  by  the  pressure  of  the  steam  as  it  acts  on  the  alternate  faces 
of  the  piston,  without  the  use  of  any  springs.  The  construction  of  the 
piston  is  shown  in  Figs.  1,  2,  and  8,  Plate  80,  as  used  by  the  writer 
in  the  LocomotiTe  Engines  on  the  Great  Southern  and  Western 
Bailway  of  Ireland.  The  piston  is  of  cast  iron,  2  inches  in  thickness 
and  15  inches  diameter.  Two  square  grooves  A  A  are  turned  in  the 
edge  of  the  piston,  g  inch  in  width  and  g  inch  apart,  and  a  corre- 
sponding steel  ring  is  fitted  into  each  groove,  the  rings  being  divided 
at  one  part  with  a  plain  butt  joint,  and  sprung  over  the  piston  into 
tbeir  places.  Two  small  holes  B  B,  J  inch  diameter,  open  from  each 
face  of  the  piston  to  the  bottom  of  the  nearest  groove,  whereby  the 
steam  is  admitted  behind  the  packing  ring  and  presses  it  out  against 
the  cylinder  so  long  as  the  steam  is  acting  upon  that  face  of  the  piston. 
The  alternate  action  of  the  two  rings  is  continued  as  long  as  the  steam 
is  ading  on  the  piston,  one  of  them  being  always  pressed  steam-4ight 
against  the  cylinder. 

In  Figs.  4,  5,  and  6,  Plate  81,  is  shown  one  of  the  pistons  with 
brass  rings  which  are  |  inch  width  and  j\  inch  thickness,  the  piston 
being  dj  inches  wide. 

Another  form  of  the  piston  has  been  used  in  cases  where  the  piston 
is  desired  to  be  flush  on  both  faces  or  to  fit  a  cylinder  with  fiat  covers : 
in  this  a  circular  flat  head  forged  upon  the  piston  rod  is  fitted  between 
the  tamed  faces  of  the  two  halves  of  a  cast  iron  piston,  which  are  held 
together  by  turned  pins  rivetted  over,  forming  a  hollow  piston  flush 
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on  both  fac6s,  fast  upon  the  piston  rod,  and  without  anj  loose  ptrt 
besides  the  two  packing  rings. 

The  ends  of  the  rings  where  divided  are  made  with  a  butt  joint,  aa 
in  Fig.  3,  Plate  80 ;  or  with  a  lapped  joint,  as  shown  in  Figs.  7  and  8, 
Plate  81.  The  piston  body  is  turned  to  pass  through  the  cylinder 
easily ;  and  the  joints  of  the  rings  have  been  found  to  be  practically 
steam-tight.  In  some  cases  the  joints  have  been  tongued,  as  shown 
in  Fig.  6,  but  in  the  writer's  experience  this  has  not  been  fotmd 
requisite ;  the  butt  joint  has  invariably  worked  well,  whilst  it  has  the 
advantage  of  perfect  simplicity  of  construction.  In  pistons  where  the 
packing  ring  travels  over  the  opening  of  the  cylinder  port  a  small  stop 
is  fixed  in  the  bottom  of  the  groove,  entering  a  short  slot  in  the 
packing  ring,  to  prevent  the  ends  of  the  ring  coming  opposite  the 
cylinder  port,  but  still  leaving  the  ring  free  to  travel  round  a  little  in 
the  piston  grooves :  but  it  is  preferred  for  the  packing  rings  not  to 
travel  over  the  cylinder  ports* 

Another  form  of  joint  for  the  packing  rings  is  shown  in 
Figs.  9,  10,  and  11,  Plate  82,  intended  to  be  used  in  a  stationary 
engine  with  cylinder  16  inches  diameter.  A  brass  stop  piece  C, 
1  inch  thick  and  4  inches  long,  is  placed  in  a  recess  at  the  back  of 
the  joint,  serving  as  a  cover  to  the  joint  at  the  top  and  bottom  by 
projecting  i  inch  in  thickness  on  each  side  of  the  ring. 

These  steam-packed  pistons  have  been  used  more  than  seven 
years  in  the  locomotives  of  the  Great  Southern  and  Western  Railway, 
and  have  proved  so  satisfactory  and  advantageous  that  their  use  has 
been  extended  to  all  the  94  locomotives  working  upon  that  line.  The 
following  are  the  results  of  the  working  in  the  engines  running  from 
Dublin,  as  regards  the  durability  of  one  set  of  rings,  the  period  of 
their  wear,  and  the  mileage  of  the  engines  whilst  wearing  them  oni 
Nineteen  engines  working  with  one  set  of  steel  rings  averaged 
38,020  miles  and  16^  months'  running,  one  engine  having  worked 
for  3  years  and  run  as  much  as  98,073  miles  with  one  set  of  packing 
rings.  Five  engines  working  with  one  set  of  brass  rings  under  the  same 
circumstances  averaged  80,986  miles  and  19  months'  running,  the 
greatest  work  amongst  them   being  2^  years   and  43,197  miles. 
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Twenty  other  engines  with  steel  rings  which  are  still  in  use  have  also 
averaged  40,444  miles  and  21  months'  work,  one  of  these  having 
worked  for  8^  76^^  ^^^  "i^  94,899  miles  with  the  original  set 
of  rings. 

The  general  result  of  the  ahoye  is  that  one  set  of  steel  packing 
rings  haye  lasted  87,000  miles  and  19  months*  work,  and  one  set  of 
brass  rings  81,000  miles  and  19  months'  work,  the  difference  in 
durability  being  aboat  16  per  cent,  in  favour  of  the  steel  rings.  In 
some  of  the  individual  oases  of  the  pistons  with  steel  rings,  a  very 
considerable  variation  from  the  average  result  of  87,000  miles  is  found 
in  the  durability  of  the  packing  rings,  some  of  them  having  lasted 
2|  times  the  average  and  some  only  as  much  below  the  average.  In 
the  case  of  the  brass  rings  the  variation  is  not  so  great,  amounting  to 
1  j  times  the  average  in  the  highest  and  about  as  much  below  the 
average  in  the  lowest.  This  variation  in  wear  has  not  been  fully 
accounted  for:  it  may  have  occurred  from  a  different  character  of 
metal  in  the  cylinders,  from  priming  of  the  boiler,  and  from  the 
presence  of  grit  in  the  water ;  but  the  writer  has  reason  to  believe 
that  the  rings  have  been  frequently  put  in  to  work  and  set  with 
a  pressure  upon  the  cylinder  from  their  own  elasticity,  thus  causing 
a  source  of  wear.  It  is  found  the  best  plan  to  turn  the  rings  to  the 
exact  diameter  of  the  cylinder,  and  to  put  them  in  without  any  spring 
upon  them,  so  that  they  are  not  subjected  to  any  wear  except  when 
the  steam  is  acting  on  them.  The  steel  rings  are  now  slightly 
tempered,  to  admit  of  their  being  sprung  into  the  grooves  without 
altering  their  form.  In  all  these  pistons  the  steel  packing  rings  were 
g  inch  thick  originally  and  g  inch  wide,  and  they  were  worn  down  to 
about  I  inch  thick  in  the  thinnest  part  before  being  removed.  The 
brass  rings  are  worn  down  from  '^  inch  until  they  are  |  inch  thick. 
Specimens  are  exhibited  of  steel  rings  from  four  engines  that  have 
worked  88000,  61000,  84000,  and  96000  miles  respectively  since 
first  put  into  the  pistons.  It  must  be  remarked  that  when  opportunities 
occur,  as  when  engines  are  under  repair,  the  rings  are  taken  out  and 
re-set  to  the  size  of  the  cylinder. 

It  is  found  in  practice  that  two  steam  ports  of  |  inch  diameter  are 
quite  sufficient  for  each  of  the  steel  packing  rings,  drilled  in  the 
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position  B  B  shown  in  the  drawings,  Plates  80  to  83.  The  rings  most 
he  made  to  fit  easily  in  their  grooves,  so  as  to  move  freely,  with 
a  clearance  of  -^  inch  at  the  hottom  of  the  grooyes  for  the  steam  to 
pass  ronnd  hehind  the  rings.  No  difficulty  has  heen  experienced  from 
the  steam  passages  hecoming  stopped  ap  with  a  moderate  nse  of  tallow 
in  the  cylinders. 

The  nse  of  this  piston  packing  in  locomotiye  engines  has  been 
productive  of  economy  hy  reducing  the  friction  and  hy  prolonging  the 
wear  of  hoth  pistons  and  cylinders.  It  will  he  observed  that  only  one 
ring  is  in  action  at  the  same  time,  and  that  when  the  steam  is  shat  off, 
as  in  descending  inclines  and  approaching  stations,  the  piston  is  free 
to  move  without  any  friction.  The  cylinders  of  the  four  engines  from 
which  the  specimen  rings  exhibited  have  been  taken  show  ahigbly 
polished  surface,  are  very  little  worn,  and  are  nearly  parallel  throughout. 
The  operation  of  putting  in  these  rings  so  as  simply  to  fit  the  cylinder 
is  extremely  easy,  whilst  great  care  and  skill  are  required  in  giring 
springs  the  requisite  degree  of  elasticity  and  in  making  them 
maintain  it. 

A  set  of  brass  packing  rings  is  also  exhibited,  taken  out  of  the 
pistons  of  a  pair  of  vertical  Stationary  Engine  cylinders  at  the  Dublin 
railway  station,  in  which  they  have  been  in  constant  work  for  the  last 
four  years,  with  a  pressure  of  50  lbs.  steam.  The  diameter  of  the 
cylinders  is  19)  inches,  and  the  rings  were  originally  g  inch  thick 
and  I  inch  wide ;  they  are  now  worn  down  to  -^i^  inch  thick. 

A  number  of  stationary  engine  pistons  are  working  with  these 
packing  rings,  and  they  have  proved  very  durable  and  thoroughly 
satisfactory,  giving  an  advantage  in  reduction  of  friction,  and  in 
preserving  the  cylinder  face  in  perfect  condition.  In  one  case  of  the 
engine  of  the  Oldbawn  Paper  Mill  near  Dublin,  with  vertical  cylinder 
18  inches  diameter  and  2  J  feet  stroke,  working  with  50  lbs.  steam^ 
the  cylinder  had  previously  been  worn  considerably  out  of  truth  and 
much  grooved,  and  one  of  these  pistons  was  put  in  having  two  steel 
rings  of  I  inch  width  and  J  inch  thickness,  and  was  in  constant  work 
for  four  years  without  the  packing  rings  requiring  renewal.  Thej 
have  lately  been  taken  out  for  examination,  and  were  found  to  be  still 
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4  inch  thick ;  and  the  cylinder  from  its  previous  defective  condition 
has  been  brought  completely  to  truth  throughout,  with  a  highly 
polished  surface. 

These  packing  rings  have  also  been  used  for  four  years  for  Pump 
Buckets,  and  have  proved  very  satisfactory.  In  one  case  of  a  double- 
acting  pump  8  inches  diameter,  shown  in  Fig.  12,  Plate  88,  the  two 
packing  rings  A  A  are  of  brass,  g  inch  wide  and  ^  inch  thick,  and 
are  pressed  out  by  the  pressure  of  the  water  acting  at  the  alternate 
faces  of  the  bucket  through  two  ports  B  B,  |  inch  diameter,  similar  to 
those  in  the  steam  pistons.  This  pump  had  two  years'  constant  work 
at  quarries  and  bridge  foundations  upon  the  Great  Southern  and 
Western  Railway,  before  the  packing  rings  required  renewal. 

In  the  case  of  single-acting  pumps  the  bucket  has  only  a  single 
packing  ring  with  ports  opening  from  the  upper  side,  as  shown  in 
Fig.  18,  Plate  88,  which  represents  a  ptmip  bucket  5  inches  diameter 
that  has  been  working  constantly  for  2J  years  at  a  station  on  the 
railway  near  Dublin.  This  bucket  is  now  exhibited,  having  been 
taken  out  for  this  purpose :  the  packing  ring  A  was  originally  }  inch 
wide  and  4  inch  thick,  and  has  worn  less  than  ^  inch  in  the  2(  years 
that  it  has  been  working  up  to  the  present  time.  As  the  diameter  in 
this  case  is  too  small  to  allow  of  the  ring  being  sprung  over  the  body 
of  the  bucket  into  its  place,  it  is  put  in  by  means  of  a  junk  ring  D 
screwed  on  at  the  under  side  of  the  bucket,  as  shown  in  the  drawing. 

An  application  of  the  same  construction  of  packing  that  has  also 
been  made  to  the  gland  packing  of  a  9  inch  pump  plunger  is  shown  in 
Fig.  14,  Plate  88  ;  in  which  two  brass  packing  rings  are  used,  )  inch 
wide  and  J  inch  thick,  just  like  the  piston  packing  rings,  except  that 
they  act  in  the  opposite  direction,  being  pressed  inwards  upon  the 
plunger  by  the  pressure  of  the  water  through  the  ports  B  B. 
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Mr.  MiLLBB  exhibited  specimens  of  the  steel  packing  rings  from 
the  pistons  of  four  locomotives  which  had  run  from  38000  to  96000 
miles ;  and  also  the  brass  packing  rings  from  the  pistons  of  the 
stationary  engine,  together  with  the  backet  of  the  5  inch  single- 
acting  pnmp  referred  to  in  the  paper. 

Mr.  J.  Fbrnib  was  glad  that  the  subject  of  packing  rings  for 
pistons,  which  were  such  an  important  part  of  a  steam  engine,  had 
been  brought  forward  in  the  paper  just  read.  He  observed  that  Bted 
packing  rings  had  not  been  found  to  wear  well  in  other  inatances  in 
which  they  had  been  tried,  and  moreover  they  cut  the  cylinders ;  and 
he  enquired  whether  the  cylinders  in  which  the  steel  rings  had  been 
working  for  so  long  a  time  were  made  of  a  very  hard  quality  of  metal. 

Mr.  Miller  replied  that  the  cylinders  were  cast  as  hard  as  they 
could  be  made,  consistently  with  allowing  of  the  subsequent  boring. 
The  packing  rings  were  made  of  common  shear  steel,  and  sometimes 
wore  down  irregularly  in  thickness,  but  in  many  cases  the  wear  was 
regular. 

Mr.  J.  Fbrnib  asked  how  the  steel  rings  were  made. 

Mr.  Miller  said  the  steel  was  rolled  in  lengths  of  the  required 
shape,  but  slightly  tapering  in  section  from  the  outer  to  the  inner  hDe^ 
so  that  when  bent  into  a  circle  the  two  edges  of  the  ring  became 
nearly  parallel,  giving  the  same  depth  of  ring  throughout  its  whole 
thickness.  The  bar  was  then  bent  in  a  miniature  plate-bending 
machine,  hammered  to  the  size  of  the  t^linder,  and  fitted  into  the 
g^ove  in  the  piston  by  simply  filing,  without  any  other  work  being 
spent  upon  it.  At  first  the  rings  were  turned  in  a  lathe  out  d  a 
steel  cylinder  and  then  cut  across,  but  it  was  found  better  to  get  sted 
rolled  of  the  proper  section  for  the  purpose,  .and  afterwards  bend  it  and 
fit  it  by  filing. 

Mr.  F.  J.  Bramwell  enquired  what  amount  of  spring  was  given 
to  the  packing  rings  before  they  were  put  in  their  place,  and  whether 
the  piston  had  ever  been  tried  without  admitting  the  steam  behind  the 
rings,  in  order  to  see  how  far  it  would  be  rendered  steam*' tight  by  the 
pressure  of  the  rings  alone  without  the  steam  behind  them. 

Mr.  Miller  explained  that  the  packing  rings  were  put  in  without 
any  amount  of  spring  of  their  own,  being  made  no  larger  than  the 
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dlAmeter  of  the  cylinder,  in  order  that  there  might  be  no  pressure 
against  the  cylinder  and  therefore  no  wear  whilst  running  with  the 
steam  shut  off. 

Mr.  J.  Fbrnib  remarked  that  the  steel  packing  rings  in  Mr. 
Ramsbottom's  piston,  generally  three  in  number,  were  set  with  a 
certain  amount  of  spring  in  themselves,  by  which  the  required 
pressure  against  the  cylinder  was  obtained ;  and  that  plan  required 
the  cylinders  to  be  of  rather  hard  metal  to  stand  the  constant  pressure 
in  Working.  He  enquired  whether  the  brass  packing  rings  that 
had  been  used  had  been  adopted  for  the  purpose  of  working  in  soft 
cylinders. 

Mr.  Miller  said  the  rings  first  used  with  this  mode  of  packing 
were  brass,  and  after  some  time  a  set  of  steel  rings  was  tried,  the 
experiment  being  proceeded  with  rather  cautiously  from  fear  that  the 
Bteel  rings  might  cut  the  cylinder  ;  but  it  was  found  they  did  not  do 
80,  if  fitted  in  without  any  spring  whatever  in  the  rings  themselves, 
but  with  only  the  steam  behind  pressing  them  against  the  cylinder. 
The  result  was  that  it  very  rarely  occurred  now  that  a  cylinder  required 
reboring :  the  cylinders  not  only  preserved  a  fine  smooth  surface,  but 
kept  more  parallel  than  under  the  old  modes  of  packing  the  pistons. 
The  reason  of  using  the  steel  rings  and  discarding  the  brass  was  that 
the  steel  lasted  about  twice  as  long. 

Mr.  J.  Fbrnib  asked  what  was  the  weight  of  the  steam-packed 
piston  for  a  locomotive  cylinder  of  15  inches  diameter. 

Mr.  Miller  replied  that  the  weight  of  a  piston  of  that  diameter 
was  64 J  lbs.  without  the  rod,  which  was  2g  inches  diameter :  the 
piston  was  2  inches  thick. 

Mr.  J.  Fbrnib  said  they  had  tried  some  pistons  on  the  Midland 
Bailway  on  this  principle  of  packing  by  the  pressure  of  the  steam  behind 
the  rings ;  they  were  wrought  iron  pistons  forged  solid  on  the  piston 
fods,  and  the  packing  rings  were  of  brass  }  inch  square  in  section. 
A  very  long  mileage  was  got  out  of  these  rings,  but  it  was  found  that 
with  solid  pistons  there  was  a  great  deal  of  trouble  from  the  necessity 
of  getting  the  crossheads  off  to  draw  the  piston  out,  whenever  it  was 
wanted  to  do  anything  to  the  piston  or  look  at  the  packing  rings ;  and 
they  had  therefore  now  gone  back  to  the  old  fashioned  piston  with  a 
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junk  ring  bolted  on  the  face  for  getting  at  the  packing  rings.  The 
bearing  surface  was  now  redaoed  to  1  inch  in  the  pistons;  there 
were  two  ^  inch  packing  rings,  and  these  gave  a  longer  mileage  than 
used  to  be  got  out  of  two  I4  inch  rings.  A  great  width  of  bearing 
surface  was  not  required,  but  a  small  bearing  surface  was  preferable, 
provided  the  rings  were  made  to  fit  the  cylinder  accurately  all  round ; 
and  Mr.  Eamsbottom  certainly  had  the  credit  of  having  first  called 
attention  to  the  advantage  of  narrow  packing  rings  well  fitted.  The 
16  inch  piston  now  used  in  the  Midland  locomotives  weighed  1|  cvt. 
including  the  piston  rod,  having  been  reduced  in  weight  28  lbs.  below 
the  previous  make,  in  consequence  of  which  a  longer  mileage  was  got 
out  of  the  packing  rings  ;  the  wear  of  the  cylinders  was  also  greatly 
reduced,  a  highly  polished  surface  being  maintained.  Formerly  there 
used  to  be  a  great  deal  of  trouble  from  the  cylinders  wanting  reboring, 
but  now  with  the  narrow  packing  rings  and  light  pistons  this  was 
quite  removed.  He  thought  highly  of  the  steam-packed  piston, 
and  the  results  obtained  in  the  durability  of  the  packing  rings  were 
certainly  very  extraordinary,  90,000  miles  far  exceeding  any  mileage 
previously  attained.  In  his  own  experience  about  20,000  miles  was 
the  durability  of  a  set  of  J  inch  square  brass  rings,  and  then  they 
would  want  setting  up  twice  or  three  times  during  that  period.  He 
enquired  how  often  the  steel  packing  rings  had  been  set  up  before  they 
were  worn  out. 

Mr.  MiLLKR  said  the  packing  rings  had  not  been  examined  and  set 
up  at  stated  times,  but  whenever  the  engine  happened  to  be  in  for 
casual  repairs  the  piston  was  taken  out,  and  the  rings  examined  and 
set  out^if  required,  by  slightly  hammering  them  all  round  to  bring 
them  again  up  to  the  exact  diameter  of  the  cylinder :  or  they  were 
replaced  by  new  rings  if  worn  out.  llie  results  of  mileage  with  the 
different  sets  of  rings  were  drawn^  from  a  return  of  the  exact  mileage 
of  all  the  engines  that  were  working  under  his  own  observation. 

Mr.  J.  Fernib  enquired  whether  the  application  of  the  packing 
rings  which  had  been  described  for  the  glaud  packing  of  a  pomp 
plunger  had  been  tried  also  for  the  stuffing-boxes  of  piston  rods 
in  steam  engines,  in  which  the  want  of  a  good  packing  was  a  scarce 
of  great  wear  and  tear. 
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Mr.  MiLLBR  replied  that  be  had  not  jet  tried  the  packing  for  that 
purpose. 

Mr.  F.  J.  Bramwell  enquired  whether  the  brass  rings  in'  the 
Midland  piston  that  had  been  referred  to  were  set  to  a  larger  diameter 
than  the  cylinder,  and  how  the  pressure  against  the  cylinder  was 
obtained,  as  he  supposed  the  brass  rings  would  not  keep  their  elasticity 
long  by  themselves;  and  he  asked  what  amount  of  pressure  they 
exerted  against  the  cylinder. 

Mr.  J.  Fernib  replied  that  the  brass  packing  rings  were  ^  inch 
square  in  section,  and  the  two  rings  were  turned  }  inch  larger  than  the 
cylinder ;  a  wrought  iron  ring  -^  inch  thick  was  placed  inside  the 
packing  rings,  and  then  inside  that  a  single  light  hoop  spring  of  steel 
I  inch  thick  at  the  ends  and  §  inch  thick  in  the  centre,  so  as  to  maintain 
a  uniform  pressure  all  round  the  brass  packing  rings.  The  inside 
spring  had  its  ends  hooked,  and  was  easily  got  out  with  a  pair  of 
tongs ;  and  the  pressure  it  produced  on  the  packing  rings  being  very 
light,  the  friction  against  the  cylinder  was  so  small  that  the  piston 
could  be  pushed  along  in  the  cylinder  by  hand ;  but  when  the  packing 
rings  were  set  up  by  separate  springs,  as  in  the  old  construction  of 
piston,  it  required  a  pinch  bar  to  be  nsed  for  the  purpose  of  moving 
the  piston  in  the  cylinder. 

Mr.  F.  J.  Bramwell  enquired  whether  the  pressure  of  the  packing 
rings  against  the  cylinder  was  as  great  per  square  inch  when  springs 
were  used  as  with  the  full  pressure  of  the  steam  behind  the  rings  in 
tbe  steam-packed  piston. 

Mr.  J.  Fernib  could  not  say  what  amount  of  pressure  per  square 
inch  was  obtained  with  the  springs,  but  in  the  steam-packed  piston  he 
expected  the  pressure  behind  the  rings  would  be  attenuated  by  the 
steam  having  to  pass  through  only  two  holes  of  very  small  size,  so  that 
the  full  pressure  would  not  be  exerted  upon  the  rings. 

Mr.  F.  J.  Bramwell  remarked  that  if  that  were  the  case  the 
pressure  would  be  greater  in  a  long  stroke  than  in  a  short  one,  if 
there  were  no  leakage  of  steam  past  the  edge  of  the  rings,  as  the 
steam  would  have  more  time  to  get  behind  them ;  or  else  the  holes 
most  be  made  smaller  for  a  longer  stroke.  But  he  thought  probably 
there  would  always  be  nearly  the  full  pressure  of  the  steam  behind  the 
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rings  that  there  was  in  the  t^linder,  judging  from  the  quickness  with 
which  the  steam  filled  the  cylinder  of  an  indicator  through  a  smill 
orifice. 

Mr.  Miller  said  that  with  the  brass  packing  rings  first  tried 
the  holes  behind  the  rings  were  drilled  }  inch  diameter,  but  thit 
size  was  found  too  large,  and  they  were  therefore  reduced  to  }  inch 
diameter,  which  proved  to  be  sufficient  for  obtaining  the  required 
pressure  to  make  the  piston  steam-tight  in  the  cylinder.  Ihe 
pressure  was  greatest  at  the  commencement  of  the  stroke  aad 
decreased  after  the  steam  was  cut  off  in  the  cylinder;  and  the 
consequence  of  this  diminution  of  pressure  together  with  the  greater 
speed  of  the  piston  at  the  middle  of  the  stroke  was  that  the  surface 
of  the  cylinder  wore  more  parallel  and  to  a  smaller  extent  than 
when  springs  were  used,  because  the  latter  exerted  an  equal  pressure 
throughout  the  entire  stroke  and  were  always  in  action  whether  the 
steam  was  in  the  cylinder  or  not. 

The  Chairman  enquired  whether  the  piston  body  was  tamed 
much  smaller  than  the  cylinder  or  only  an  easy  fit. 

Mr.  MiLLBR  replied  that  the  piston  body  was  turned  down  to 
about  ^  inch  smaller  diihneter  than  the  cylinder,  so  as  to  pass  etsily 
through  it. 

Mr.  D.  Jot  observed  that  in  a  locomotive  piston  with  cast  iron 
packing  rings  of  light  section  he  had  found  the  pressure  against  the 
cylinder  to  be  rather  less  than  d|  lbs.  per  square  inch.  He  thought 
cast  iron  was  better  for  the  packing  rings  than  either  brass  or  steel, 
being  harder  than  brass  and  not  so  likely  to  cut  the  cylinder  as  steel 
might  be.  Turned  cast  iron  packing  rings  }  inch  or  g  inch  thick 
could  readily  be  sprung  over  a  piston  16  inches  in  diameter,  and  would 
be  strong  enough  to  maintain  their  elasticity. 

Mr.  Miller  said  he  had  not  tried  cast  iron  for  the  packing  rings, 
as  they  were  so  small  that  he  thought  it  would  hardly  be  safe,  and  if 
made  as  much  as  }  inch  thick  they  would  be  too  stiff  to  be  sufficiently 
acted  upon  by  the  steam  behind.  In  a  8tationai7  engiiifi  iBSta^  ^ 
larger  diameter  cast  iron  packing  rings  might  do  well  enough. 

Mr.  J.  Fernie  asked  whether  the  steam-packed  pistons  worked 
equally  well  in  running  down  hill  as  on  level  lines  of  railway. 


PAOKINa    FOR    PISTONS.  325 

Mr.  Miller^  replied  that  there  were  many  inclines  on  the  line, 
the  maximum  gradient  being  1  in  100,  and  the  pistons  were  fonnd 
to  work  perfectly  well  down  hill.  They  had  the  advantage  of  being 
free  from  pressnre  of  the  packing  when  the  engine  was  running  with 
the  steam  shut  off,  at  which  time  consequently  there  was  no  lubrication 
for  the  piston. 

The  Chairman  enquired  whether  there  had  been  an  opportunity 
of  comparing  the  working  of  the  new  pistons  with  any  of  the  older 
forms  of  pistons  that  were  still  used  on  many  railways,  and  whether 
they  required  as  much  looking  after  as  the  old  pistons.  The  ordinary 
make  of  pistons  with  a  junk  ring  or  loose  plate  bolted  on  gave 
convenience  for  examining  the  packing  rings  without  drawing  the 
piston  out  of  the  cylinder  as  had  to  be  done  with  the  new  pistons, 
and  it  would  be  an  inconvenience  therefore  in  the  latter  if  the  packing 
rings  had  to  be  looked  at  frequently. 

Mr.  Miller  said  they  had  now  discarded  all  the  old  pistons, 
finding  them  so  expensive  to  maintain,  and  the  new  pistons  required 
much  less  booking  after.  There  was  no  necessity  for  examining  them 
at  particular  times,  as  they  remained  steam-tight  without  any 
attention  for  many  months*  working ;  but  whenever  the  engine 
was  undergoing  repair,  advantage  was  taken  of  the  opportunity  to 
draw  the  pistons  out  and  set  out  the  rings  again  if  they  were  worn. 
Previously  with  only  50  engines  running  four  men  were  constantly 
at  work  repairing  the  pistons,  but  now  with  94  engines  running  one 
fitter  kept  all  the  pistons  in  order. 

Mr.  F.  J.  Brahwbll  asked  whether  the  packing  rings  filled  out 
to  the  size  of  the  cylinder  as  they  became  worn,  or  whether  when 
the  steam  was  off  they  returned  to  their  original  inside  diameter. 

Mr.  Miller  replied  that  when  taken  out  after  a  great  deal  of 
wear  the  packing  rings  were  slightly  smaller  in  diameter  than  the 
cylinder,  and  then  required  setting  out  by  hammering.  Sometimes 
they  wore  perfectly  equally  all  round,  and  sometimes  more  at  the  ends 
or  in  the  middle. 

Mr.  J.  Wright  remarked  that  in  two  double-acting  forcing 
pumps  of  8)  inohes  diameter  which  he  had  erected  at  the  Bishop 
Auckland  Water  Works,  lor  pumping  the  water  under  a  head  of 
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270  feet,  be  had  adopted  the  same  plan  of  packing  for  the  Bolid  pieton, 
nsing  two  steel  packing  rings  with  the  water  pressure  acting  beliind 
them  :  these  worked  well  daring  the  2)  years  that  the  engines  weie 
nnder  his  observation,  reqniring  no  repairs  daring  that  time.  Similar 
packing  rings  were  nsed  for  the  steam  cylinders.  One  great  adyanUge 
in  this  plan  of  packing  was  that  only  one  packing  ring  was  in 
action  at  a  time,  while  the  other  ring  which  had  no  pressure  npon 
it  did  not  rub  against  the  pump  barrel  or  cylinder  in  the  return 
stroke,  avoiding  unnecessary  friction ;  but  in  ordinary  pistons  botb 
rings  were  pressing  against  the  cylinder  constantly,  which  was  not 
necessary,  since  the  new  plan  of  packing  made  the  pistons  tight  enongh 
for  all  practical  purposes.  He  enquired  whether  there  had  been  anj 
experience  of  the  steam -packed  piston  in  a  steam  hammer,  as  h« 
was  about  to  adopt  that  mode  of  packing  for  a  steam  hammer 
which  he  was  making  for  his  own  works  with  cylinder  22|  inches 
diameter  and  6  feet  stroke ;  and  he  thought  it  would  be  an  advantage 
to  have  the  piston  free  from  the  friction  of  the  steam-tight  rings  when 
the  hammer  was  falling,  by  the  steam  pressure  being  then  removed 
from  behind  them. 

The  Chairman  said  he  had  made  the  piston  packing  described  in  the 
paper  for  many  locomotive  engines,  but  was  using  Mr.  Hamsbottom's 
packing  rings  for  all  his  steam  hammers,  the  largest  of  which  was 
26  inches  in  diameter. 

Mr.  F.  J.  Bramwell  said  he  had  had  some  experience  of 
Mr.  JRamsbottom^s  packing  rings  in  steam  hammers  with  cylinders 
of  18  inches  diameter,  and  also  in  a  27  inch  steam  hammer  which 
gave  great  satisfaction;  and  he  was  consequently  putting  np  a 
hammer  with  a  86  inch  cylinder  with  the  same  mode  of  packing. 

The  Chairman  asked  what  was  the  largest  size  of  steam  engine 
piston  now  at  work  with  the  new  packing. 

Mr.  MiLLBR  replied  that  the  largest  steam-packed  piston  was 
one  of  24  inches  diameter  made  for  a  saw  mill  in  Dublin.  In  the  case 
of  the  Oldbawn  engine,  mentioned  in  the  paper,  the  cylinder  was  now 
as  good  as  a  cylinder  could  be ;  parallel,  very  smooth,  and  tnie  in 
diameter :  five  years  ago  this  same  cylinder  was  worn  so  badly  by  the 
former  piston  that  it  was  about  to  be  replaced  by  a  new  one ;  bnt  it 
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was  set  to  work  again  for  trial  with  the  new  piston  without  reboring  the 
cylinder,  and  had  since  got  into  the  present  perfect  condition,  the  steel 
rings  having  the  effect  of  gradually  wearing  away  all  the  irregularities 
of  the  surface  until  it  was  brought  to  a  perfect  cylindrical  form,  when 
the  rings  would  bear  with  a  perfectly  equal  pressure  round  their  whole 
circumference,  and  no  further  wear  was  perceptible. 

The  Chairman  asked  whether  the  half  lapped  joint  of  the  packing 
rings  shown  in  one  of  the  drawings  (Fig.  8,  Plate  81)  was  used,  and 
how  it  was  made. 

!&{r.  Miller  said  he  had  some  packing  rings,  both  of  steel  and 
of  iron,  working  with  the  lapped  joints.  The  notch  at  each  end  of 
the  ring  was  cut  out  by  a  slotting  machine,  before  the  bar  forming 
the  ring  was  bent  to  the  shape  of  the  cylinder.  The  plain  brass  rings 
with  butt  joints  were  turned  out  of  a  gun- metal  cylinder,  and-  then 
cut:  he  had  also  tried  rings  made  of  yellow  rolled  brass,  rolled  into 
bars  and  then  bent  to  the  shape  of  the  cylinder,  but  these  did  not 
wear  so  well  as  gun-metal. 

Mr.  J.  Fernie  said  he  had  also  tried  to  make  packing  rings 
out  of  rolled  brass,  by  cutting  it  into  rods  of  the  required  length 
and  bending  them  to  shape  ;  but  they  were  too  soft  for  work,  and  he 
had  to  return  to  the  cast  gun-metal  rings. 

The  Chairman  remarked  that  after  making  and  employing  a  great 
many  different  descriptions  of  pistons  he  thought  the  steam-packed 
piston  described  in  the  paper  was  a  very  good  one,  and  it  had  the 
great  advantage  of  being  very  simple  in  construction.  Formerly  it 
was  a  great  object  to  keep  the  steam  out  of  the  piston,  on  account 
of  the  internal  packing  springs  ;  but  in  this  piston  the  steam  was 
admitted  inside  to  act  as  the  spring  upon  the  packing.  The  practical 
feature  of  the  new  pistons  was  their  great  simplicity  of  construction  : 
but  to  Mr.  Ramsbottom  was  certainly  due  the  credit  of  first  simplifying 
the  construction  of  pistons  to  so  great  an  extent.  He  considered  the 
piston  now  described  ought  undoubtedly  to  work  well,  because  there 
was  so  little  about  it  to  get  out  of  order,  and  it  could  not  do 
otherwise  than  prove  highly  satisfactory.  He  proposed  a  vote  of 
thanks  to  Mr.  Miller  for  his  paper,  which  was  passed. 


The  following  paper  was  then  read  :-^ 
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ON  MACHINERY  FOR  THE  MANUFACTURE 

OF  GUNSTOCKS. 


Bt  Ms.  THOMAS  GREENWOOD,  of  Leeds. 


Of  all  the  yarioas  articles  into  which  wood  is  shaped  by  machineiy 
few  have  presented  greater  difficulties  than  Gonstocks.  The  irregnlirity 
of  their  form  and  the  intricate  shaping  required  to  receive  the  metallic 
parts  of  the  gnn  have  rendered  so  many  separate  operations  necessarj, 
requiring  snch  a  variety  of  machines,  that  it  can  scarcely  be  matter  of 
surprise  that  gunstocks  have  hitherto  been  made  by  hand  in  all  the 
leading  gunmaking  localities  both  in  this  country  and  on  the  continent: 
and  this  might  have  continued  to  be  the  case,  had  not  other  reasons 
arisen  besides  the  economy  of  labour  to  be  effected  by  the  introduction 
of  machinery.  In  military  arms,  where  very  large  nnmbers  of  one 
pattern  are  required,  the  desirability  of  making  all  the  parts  inter- 
changeable naturally  suggested  itself ;  but  it  required  years  of  tiiongbt 
before  this  principle  could  be  fully  developed  and  practically  carried  oni 
In  order  to  carry  it  out  practically,  it  is  required  not  only  that  the 
gunstock  should  be  made  perfect,  but  that  each  of  the  metallic  parts 
should  be  equally  perfect.  Hence  the  manufacture  of  each  separate 
part  by  machinery  had  to  be  studied  and  accomplished,  involving  no 
small  amount  of  ingenuity  to  make  perfectly  by  machinery  what  had 
hitherto  been  done  easily  and  cheaply  by  hand,  though  wanting  in  the 
exactness  necessary  to  form  the  parts  of  an  interchangeable  gon. 
Possibly  if  the  demand  had  not  been  for  a  national  purpose  the 
manufacture  of  machine-made  guns  might  yet  hare  been  unattained : 
whatever  the  cause  however,  gunmaking  by  machinery  on  the  inter- 
changeable principle  is  now  successfully  accomplished. 

The  object  of  the  present  paper  is  to  explain  the  process  of  making 
gunstocks  by  machinery,  and  to  describe  some  of  the  processes  in 
detail.    To  secure  success  there  is  one  condition  which  must  be  rigidlj 
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obserred  thronghoat  this  manafacture,  namely  perfect  accuracy  in  each 
operation.  In  a  mannfacture  where  twenty  operations  are  built  upon 
one  another,  each  depending  for  its  accuracy  upon  a  previous  one,  it 
is  evident  how  important  this  condition  is  to  success.  The  following 
is  the  entire  series  of  successive  operations,  23  in  number,  which  are 
performed  by  a  set  of  madiines  for  shaping  and  finishing  the  stocks 
for  rifles,  each  operation  advancing  the  stock  a  step  further  from  the 
original  rough  bar  of  wood  towards  its  completion  in  the  required 
form. 

1.  The  upper  edge  of  the  stock  is  out  nearly  in  a  line  with  the  centre  of  the 

barrel,  and  is  finished  with  an  oblique  cross  out  at  the  breech;  the 
musBle  end  is  also  cross  cut  nearly  to  the  correct  length.  This  operation 
Is  called  "  slabbing  *'. 

2.  The  centres  are  made  in  the  butt  and  mussle  ready  for  the  rough-turning 

machine. 

3.  The  fore  end  of  the  stock  is  rough-turned. 

4.  The  butt  end  of  the  stock  is  rough-turned. 

5.  Five  flat  places  are  out  on  the  right  hand  side  of  the  stock,  and  two  on  the 

left  sideu    This  operation  is  called  "  spotting  ". 
€.    The  hollow  bed  to  receive  the  barrel  Ib  out  out»  and  the  taag  of  the  breech 
screw  is  let  in.    This  operation  is  called  "  bedding  the  barrel  **. 

7.  This  is  a  hand  operation,  consisting  in  squaring  the  conical  recess  made  by 

the  cutter  in  the  previous  operation,  to  receive  the  taper  projection  under 
the  tang  of  the  breech  piece ;  and  the  comer  is  rounded  off  to  fit  the 
hollow  under  the  tang, 

8.  The  stook  is  sawn  to  the  exact  length  at  both  ends,  and  the  butt  end  shaped 

to  the  form  of  the  butt  plate,  by  means  of  a  revolving  outter. 

9.  The  flat  sides  are  planed  where  the  look  plate  is  inserted,  and  the  side  caps 

are  let  in,  which  act  as  nuts  for  the  screws  holding  on  the  lock :  also  the 

upper  edges  of  the  recess  for  the  barrel  are  profiled,  and  the  upper  and 

under  edges  of  the  butt  end  of  the  stock. 
10.    The  tang  of  the  butt  plate  is  let  in,  the  three  holes  for  the  screws  are  bored, 

and  the  two  end  holes  also  tfq>ped. 
U.    The  comer  under  the  tang  of  the  butt  plate  is  rounded  off  by  hand. 
12.    The  lock  is  bedded.    The  lock  bedding  machine  is  described  subsequently 

in  detail  and  shown  in  Plates  84  to  88. 
18.    The  end  of  the  curved  recess  for  the  cone  seat  where  it  joints  against  the 

look  plate  is  squared  by  hand. 
14,    The  trigger  guard  is  bedded  and  the  screw  holes  drilled,  and  the  recess  for 

the  trigger  plate  is  cut  and  the  stop  for  the  ramrod  let  in. 

u  2 
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15.  The  stock  ie  out  under  the  bands  from  a  oopy,  and  the  nose  cap  is  let  on. 

16.  The  stock  is  cut  between  the  bands.    The  machine  for  this  purpose  is  also 

described  subsequently  in  detail  and  shown  in  Plates  89  to  92. 

17.  The  arriB  at  the  extreme  muzzle  end  of  the  stock  under  the  flange  of  the 

nose  cap  is  taken  off  by  hand. 

18.  The  butt  end  of  the  stock  is  finish-turned  in  a  copying  lathe. 

19.  The  fore  end  of  the  stock  between  the  lock  and  the  first  band  is  finiah- 

turned  in  a  copying  lathe. 

20.  The  grooye  is  cut  for  the  ramrod. 

21.  The  recess  to  receive  the  ramrod  spring  is  cut  out,  and  the  transverBepm 

hole  for  fixing  the  spring  is  bored. 

22.  The  hole  for  the  ramrod  is  bored  in  continuation  of  the  groove. 

23.  The  holes  for  fixing  the  look  plate  are  bored,  and  also  the  screw  hole  for 

the  tang  of  the  breech  screw,  the  screw  hole  for  the  nose  ci^  and  the 
pin  hole  to  fix  one  end  of  the  trigger  guard. 

The  Lock  Bedding  Machine,  for  performing  the  12th  operation  of 
cutting  ont  the  bed  or  recess  to  receive  the  lock,  is  shown  in  Plates 
84  to  88.  Fig.  1,  Plate  84,  is  a  front  elevation  of  the  machine; 
Fig.  2,  Plate  85,  a  side  elevation  partly  in  section ;  and  Fig.  8, 
Plate  86,  a  plan  with  the  upper  portion  of  the  framing  removed. 

In  this  machine  fire  separate  operations  are  successively  performed 
to  cut  and  shape  the  recess  for  the  lock,  with  one  fixing  of  the 
gunstock  in  the  machine.  The  five  cutters  or  drills  A,  Figs.  1  and  2, 
Plates  84  and  85,  are  fixed  each  in  a  vertical  spindle  B  carried  on  the 
vertical  slide  C,  as  shown  enlarged  in  Figs.  4  and  5,  Plates  87  and  88; 
the  drill  slides  C  are  mounted  on  the  circumference  of  the  circolar 
cage  D,  which  turns  round  on  the  vertical  centre  shaft  £,  Fig.  5. 
Each  drill  slide  G  has  a  circular  or  transverse  motion  to  a  short  extent 
round  the  circumference  of  the  cage  D,  and  also  a  vertical  motion,  and 
is  moved  both  transversely  and  vertically  by  the  lever  F  provided  with 
universal  joints.  A  plain  cylindrical  driving  wheel  G  at  the  top  of 
the  machine,  turned  perfectly  true,  drives  each  of  the  five  drills  bj 
friction,  by  means  of  the  small  driving  roller  H  on  the  top  of  the  drill 
spindle.  Fig.  3,  Plate  86.  The  main  driving  wheel  G  runs  loose  on 
the  centre  shaft  E,  being  driven  by  the  belt  pulley  I  above,  Figs.  1  and  2. 
The  vertical  drill  slides  C  are  each  held  up  by  a  coiled  spring  J,  Fig.  5| 
which  lifts  the  roller  H  of  the  drill  spindle  out  of  gear  with  the  driviDg 
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wheel  6  when  not  in  use,  so  that  the  drill  docs  not  revolve  until 
pressed  down  hy  the  handle  F. 

The  gunstock  K,  Fig.  4,  Plate  87,  is  fixed  longitudinally  upon  a 
horizontal  sliding  table  L,  and  is  held  in  its  proper  position  by  a 
portion  of  a  barrel  and  tang  M  sufficient  to  keep  it  firm  when  pressed 
home  by  the  eccentric  N.  The  horizontal  table  L  can  be  moved  freely 
backwards  and  forwards  longitudinally  by  the  hand  lever  O,  Fig.  2, 
by  means  of  a  toothed  segment  gearing  into  a  rack  on  the  underside 
.of  the  table.  The  centre  shaft  E  of  the  circular  cage  D  carrying  the 
drills  is  supported  in  a  frame  bridging  over  the  table  L.  Alongside 
the  gunstock  upon  the  same  sliding  table  L  is  fixed  the  pattern  P,  or 
'^  former  **  as  it  is  termed,  made  of  hardened  cast  steel,  which  is  an 
exact  copy  both  in  size  and  form  of  the  recess  to  be  cut  in  the  stock. 
The  shape  of  the  pattern  P  is  followed  by  a  tracer  R,  Fig.  4,  fixed 
parallel  to  the  drill  A  in  the  drill  slide  C.  Hence  if  the  horizontal 
table  L  be  moved  longitudinally  and  the  drill  slide  C  transversely  and 
vertically,  by  the  combination  of  these  three  movements  every  part  of 
the  pattern  can  be  traced  by  the  tracer  B,  while  an  exact  facsimile  of 
the  pattern  is  being  cut  in  the  wooden  gunstock  by  the  drill  A.  The 
five  drills  of  the  machine  are  all  of  different  sizes,  for  cutting  the 
different  portions  of  the  recess,  and  each  drill  is  accompanied  with  a 
corresponding  tracer  of  the  same  size.  When  one  drill  has  finished 
its  own  particular  portion  of  the  work,  the  circular  cage  D  is  turned 
round  by  hand  to  bring  the  next  drill  into  operation  upon  the  gunstock  : 
the  cage  is  locked  by  a  spring  as  each  succeeding  drill  is  brought 
round  into  position,  and  is  then  released  by  the  foot  by  the  treadle  S. 
A  small  fan  T  with  two  air  tubes  blows  away  the  cuttings  from  the 
drill  and  also  from  the  pattern. 

For  cutting  the  lock  recess  it  is  absolutely  necessary  that  the 
cutter  and  the  tracer  be  of  exactly  the  same  size,  otherwise  the  recess 
will  not  correspond  precisely  with  the  pattern.  In  order  to  maintain 
perfect  accuracy  of  the  recess  cut,  the  sockets  in  three  of  the  drill 
spindles  are  bored  l-64th  inch  eccentric,  and  the  shank  of  the  cutter 
is  turned  to  the  same  amount  of  eccentricity  with  the  cutting  part. 
The  end  of  the  spindle  nose  is  graduated  through  half  its  circumference 
into  fine  divisions  and  a  zero  line  is  made  upon  the  cutter ;  and  when 
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the  caiter  is  new  or  foil  sise,  and  placed  so  that  the  two  eeeentriehiei 
oonnteract  each  other,  the  catting  part  is  perfectly  tme.  But  as  soon 
as  the  cotter  has  heen  made  sensihij  less  by  sharpening,  it  is  tarned 
round  one  or  two  dirisions  in  the  drill  spindle,  so  as  to  impart  jost 
as  mnch  eooentrieity  to  the  cntting  tool  as  the  sharpening  has  reduced 
it  in  diameter,  thos  cansing  the  cntter  to  continue  to  describe  a  cbcle 
exactly  the  size  of  the  tracer. 

The  following  are  the  (^rations  performed  bj  each  of  the  fire 
drills  in  succession  in  order  to  cnt  ont  the  whole  of  the  reoeas  for 
bedding  the  lock.  Hie  first  drill  cats  oat  the  recess  to  reeeivs  the 
lock  plate ;  and  the  tracer  for  this  operation  is  provided  with  a  cross 
piece,  which  reaches  across  the  entire  width  of  the  recess  in  ike 
pattern,  so  as  to  prevent  the  tracer  from  being  poshed  down  into  tke 
pattern  lower  than  the  depth  of  the  lock  plate.  The  second  drill  bores 
ont  the  hole  for  the  shank  of  the  '*  sear  ",  and  also  a  hole  for  the  sear 
spring  screw.  The  third  drill  bores  two  holes  for  the  bridle  screw 
heads.  The  foarih  drill  cats  oat  the  principal  recesses  below  the  lock 
plate,  and  partially  cats  out  the  carved  recess  for  the  cone  seat  l%e 
fifiih  drill  cats  oat  the  rear  end  of  the  recess  to  make  room  for  the  bed 
of  the  sear  spring,  and  also  cats  oat  a  small  notch  on  the  lower  side 
of  the  recess  to  receive  the  end  of  the  swivel  when  the  hammer  is  down. 
The  first,  fborth,  and  fifth  drills  are  the  three  which  have  their  shanks 
tamed  cicoentric  to  allow  of  adjnstment  for  wear ;  while  the  sseond 
and  third  drills,  having  merely  to  bore  oat  plain  circalar  screw  boles, 
are  fixed  concentric  in  their  spindles. 

The  operation  of  catting  the  recess  for  the  gnn  look  is  performed 
with  great  rapidity  by  this  machine,  which  will  recess  npwirds  of 
1000  gnnstocks  per  week.  This  lock  bedding  machine  may  be  taken 
as  a  type  of  the  machines  arranged  for  copying  from  the  interior  of  a 
pattern :  several  of  the  madiines  nsed  in  the  mannfiactare  of  gonstoeks 
are  of  similar  oonstmction. 

The  Shaping  Machine  for  shaping  the  gonstock  between  the  bands, 
which  is  the  other  machine  selected  for  description  in  detail,  is  one 
copying  from  an  exterior  pattern,  and  performs  the  16th  operation 
of  shaping  the  external  portion  of  the  stock  between  the  bands. 
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Figs.  6  and  7,  Plate  89,  are  a  side  elevation  and  end  elevation  of  the 
shaping  machine,  and  Figs.  8,  9,  and  10,  Plates  90  to  92,  show  its 
oonstraotion  more  in  detail  to  a  larger  scale. 

In  this  machine  the  pattern  to  be  copied  consists  of  a  series  of 
cams  A  A,  Figs.  8  and  9,  Plates  90  and  91,  mounted  npon  a 
hoiiaontal  shaft  immediately  over  and  parallel  to  the  gnnstock  B; 
and  the  shape  of  the  pattern  is  transferred  to  the  gmistock  bj  the 
revolving  cutters  C  momited  in  the  rooking  levers  D,  at  the  extremities 
of  -which  are  the  tracers  that  follow  the  circamference  of  the  pattern 
cams.  The  g^stock  B  is  fixed  npon  a  bar  or  mandril  E,  which 
corresponds  exactly  with  the  gon  barrel  and  fits  precisely  into  the 
groove  cut  in  the  stock  in  one  of  the  earlier  operations  to  receive  the 
barr^ ;  and  this  barrel  groove  serves  as  the  fixed  accurate  basis  for 
ih6  ptreeent  and  all  the  subsequent  operations,  as  well  as  in  the  previous 
operation  of  bedding  the  look,  thus  ensuring  absolute  identity  in  all 
the  stocks.  The  mandril  £  is  supported  by  three  hollow  journals  F, 
which  revolve  in  three  bearings  on  the  frame  of  the  machine ;  and  the 
gilnstock  B  is  slid  inside  these  journals  upon  the  mandril,  and  is  held 
in  its  place  by  a  spring  at  the  muzzle  end,  shown  dotted  in  Fig.  8, 
and  1^  two  set  screws  in  the  other  two  hollow  journals. 

There  are  four  revolving  cutters  C  0,  Fig.  10,  Plate  92,  mounted 
in  tiie  four  rocking  levers  D.  The  bearings  of  the  cutter  shaft  are 
carried  in  a  forked  swivelling  frame  O,  Fig.  8,  inserted  in  a  socket  in 
the  top  of  the  rocking  lever  D,  so  that  the  cutter  shaft  can  be  set 
exactly  parallel  to  the  axis  of  the  gunstock  or  slightly  inclined  to  it, 
according  to  the  shape  of  the  stock ;  on  each  prong  of  the  firame  O  is 
an  adjustable  tracer  I,  Fig.  9,  for  tracing  the  form  of  the  pattern 
cam  A.  The  cam  shaft  and  the  mandril  E  are  geared  together  by  a 
pair  of  equal  spur  wheels  at  each  end,  and  the  gnnstock  is  turned 
round  through  half  a  revolution  by  the  hand-wheel  H  as  the  shaping 
proceeds,  the  cutters  being  driven  by  belts  J  J  from  the  bottom  pulleys. 
Figs.  6  and  7,  Plate  89.  The  cutting  blades  are  screwed  to  a  cast 
iron  block,  which  is  shaped  with  an  undulating  surface,  as  shown  in 
Figs.  8  and  10,  so  as  to  present  the  cutting  edges  at  an  angle  to  the 
axis  of  the  gunstock  and  thus  ensure  a  smooth  cut  across  the  grain  of 
the  wood  with  somewhat  of  a  paring  action. 


384  GUV8T0CK    MACHINBBT. 

The  portion  of  the  gunstock  next  to  the  bands  is  first  shaped  bj 
the  cutters  on  one  side  of  the  madiine,  which  are  brought  np  by  means 
of  the  treadle  E,  Figs.  6  and  7,  Plate  89,  and  the  flat  steel  spring  L, 
Fig.  9.  The  thin  end  of  the  spring  L  bears  against  the  lower  end  of 
the  rocking  lever  D,  and  presses  the  tracers  I  against  the  pattern 
cams  A.  The  spring  L  ensures  the  tracers  keeping  in  close  contact 
with  the  cams  throughout  their  revolution,  whilst  the  treadle  is  kept 
pressed  down  by  the  foot ;  it  also  ensures  a  softer  action  of  the  cotters 
as  they  are  brought  up  against  the  wood.  A  counter  spring  M  on  the 
opposite  side  of  the  rocking  lever  D  serves  to  keep  it  steady,  and  to 
throw  off  the  cutters  out  of  action  when  the  treadle  is  released.  The 
second  pair  of  cutters  on  the  other  side  of  the  machine  is  then  broagfat 
up  into  action  in  the  same  manner  by  the  other  treadle;  and  the 
gunstock  being  turned  round  through  the  remaining  half  revolution 
is  thus  reduced  to  the  finished  shape  in  one  revolution  of  the  hand- 
wheel  H. 

The  other  machines  of  the  series  are  similar  in  the  principles 
of  construction,  differing  merely  in  the  details  of  arrangement  for 
performing  the  special  operation  intended.  By  the  employment  of 
machinery  in  this  manner,  strict  accuracy  of  work  is  obtained,  and  all 
the  separate  portions  of  the  gun  are  interchangeable  with  any  gunstock. 
Although  this  machinery  requires  much  greater  delicacy  and  aocnracy 
of  workmanship  and  much  more  careful  fitting  than  ordinary  wood 
working  machinery,  and  is  consequently  much  more  expensive,  yet 
the  saving  in  cost  of  production  of  gunstocks  fully  justifies  the  lai^ 
outlay  incurred  in  the  first  cost  of  the  machinery,  which  is  amply 
repaid  by  the  intricate  nature  of  the  operations  performed,  and  the 
rapidity  and  exactness  with  which  the  work  is  produced  by  these 
machines,  as  has  already  been  shown  to  be  the  case  by  the  socoess 
that  has  attended  the  government  factory  at  Enfield,  where  similar 
machinery  is  employed  for  the  manufacture  of  gunstocks. 
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Mr.  Greenwood  exhibited  the  lock  bedding  machine  in  complete 
working  order,  together  with  the  shaping  machine  for  shaping  the 
gnnstock  between  the  bands  ;  and  also  an  entire  set  of  the  gunstocks 
from  each  stage  of  the  mannfactare,  showing  the  condition  of  the 
stock  after  each  of  the  23  operations,  adrancing  step  by  step  from  the 
original  rough  wood  blank  to  its  final  completion  in  the  required  form. 
He  explained  that  of  the  23  operations  19  were  performed  by 
machinery  and  4  by  hand,  namely  Nos.  7,  11,  13,  and  17  in  the 
series  described  in  the  paper  ;  and  these  latter  it  was  expected  would 
be  reduced  shortly  to  only  one  hand  operation  of  very  small  amount. 

The  Chairman  thought  the  subject  of  the  paper  was  a  very 
interesting  and  important  one  for  the  gunmakers  of  Birmingham ; 
and  he  enquired  whether  any  of  the  machines  described  were  at  work 
there  for  the  manufacture  of  gunstocks. 

Mr.  Greenwood  replied  that  there  were  not  any  of  the  machines 
at  work  yet  in  Birmingham,  but  a  complete  set  of  them  was  in  operation 
at  Enfield,  where  they  had  been  in  use  for  several  years  ;  and  also  a 
nearly  similar  set  at  the  London  Armoury  Company's  works  in  London. 
The  machines  now  exhibited  were  constructed  for  making  only  one 
length  of  gunstock,  and  some  modifications  had  therefore  been 
introduced  for  simplifying  the  construction  and  mode  of  driving  ;  but 
the  machines  in  use  at  Enfield  would  take  in  three  different  lengths 
of  gunstocks,  namely  carbines,  short  Enfields,  and  ordinary  long 
Enfields,  the  last  of  which  formed  the  greater  proportion  of  the  guns 
manufactured.  At  Enfield  with  two  sets  of  the  machines  2000 
gunstocks  per  week  on  the  average  were  produced  ;  but  at  that  rate 
of  work  the  machines  were  not  fully  employed,  and  in  full  work  one 
set  of  machinery  would  produce  1200  gunstocks  per  week.  At  present 
the  gunmakers  of  Birmingham  had  to  pay  a  high  price  to  have  their 
gunstocks  made  by  machinery  in  London,  in  order  to  secure  greater 
accuracy  and  finish  of  workmanship  than  was  obtained  in  hand  work. 

The  Chairman  remarked  that  the  machine  work  certainly  appeared 
much  superior  in  quality  to  that  done  by  hand.  He  enquired  whether 
the  lock  bedding  process  performed  by  the  machine  now  exhibited  was 
reckoned  as  five  separate  processes  in  the  series  of  operations  for 
making  a  gunstock. 
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Mr.  Qrbbkwood  replied  ihat  there  were  19  separate  machines  in 
the  coniplete  set,  and  the  lock  bedding  was  counted  as  only  one 
operation,  thongh  divided  into  five  parts  for  oonyenienoe  and  aocuMj 
of  work,  as  had  been  described,  since  it  was  necessary  to  be  Teiy 
particohir  in  ensuring  perfect  accuracy  in  every  part  of  the  work. 

The  Chairman  enquired  where  the  original  machines  for  the 
manufBOture  of  gunstocks  had  been  used,  from  which  the  machioeiy 
now  described  had  been  derived. 

Mr.  Qbsbnwood  said  the  gunstock  machineiy  was  of  Americta 
origin,  and  the  American  government  had  been  occupied  for  the  last 
twenty  years  in  perfecting  the  manufacture  of  guns  by  machineiy  at 
the  armouries  of  Springfield  and  Harper's  Ferry.  At  the  time  of  tlie 
Crimean  war  Mr.  John  Anderson,  Col.  Bum,  and  Lieut.  Wariow 
were  sent  over  from  England  as  a  commission  to  investigate  the 
manufacture  of  arms  in  the  United  States,  and  an  arrangement  was 
made  with  the  Ames  Company  to  supply  two  or  three  sets  of  maduneB 
to  this  country,  the  American  government  consenting  to  furnish  all 
the  information  in  their  power  on  the  subject.  The  first  attenpti 
however  at  the  use  of  machinery  proved  fruitless,  as  several  of  the 
machines  first  made  failed  and  had  to  be  abandoned;  but  the  work 
was  resumed,  and  resulted  in  the  machinery  now  in  use  in  the  Enfield 
factory.  The  original  machinery  was  intended  to  turn  out  500 
gunstocks  pw  week,  and  had  since  then  been  supplemented  by  further 
machinery  from  America  and  also  from  his  own  works,  so  as  to 
produce  now  2000  gunstocks  per  week.  The  machines  supplied  from 
his  own  works  had  been  constructed  for  the  purpose  of  making  different 
lengths  of  Enfield  gunstocks  in  the  same  machines,  so  as  to  prevent 
the  necessity  of  having  different  sets  of  madkines  for  differ»it  sizes  of 
gunstocks.  Two  or  three  other  sets  of  machinery  were  also  made 
subsequently  by  the  Ames  Company,  but  none  had  been  got 
successfully  to  work  except  that  supplied  to  the  London  Annooiy 
Company ;  and  the  Russian  government  purchased  a  set  through 
Col.  Colt,  which  had  also  not  been  brought  into  actual  operation  at 
present.  The  machinery  at  Enfield  was  at  first  worked  under  die 
superintendence  of  men  sent  over  from  America ;  but  more  guns  were 
now  being  turned  out  there  than  at  that  time,  and  the  machines  were 
working  very  successfully,  producing  very  smooth  and  accurate  work. 
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The  Chairman  thought  the  construction  of  the  machines  must  be 
rendered  considerably  more  complicated  if  it  were  attempted  to  make 
different  sizes  of  gtmstocks  in  the  same  machines,  instead  of  employing 
a  second  set  of  machinery  for  a  different  size  of  stock. 

Mr.  Greenwood  observed  that  the  shape  of  the  work  could  be 
changed  to  a  considerable  extent  in  the  same  machine  by  simply 
changing  the  pattern  that  was  being  copied,  and  haying  the  cutting 
tools  so  shaped  that  they  would  follow  any  pattern  required.  One 
essential  condition  of  success  was  that  the  cutters  should  be  adjusted 
with  extreme  accuracy  and  maintained  with  a  very  sharp  cutting  edge  ; 
and  they  were  driven  at  a  high  speed,  making  from  5000  to  6000 
revolutions  per  minute  in  the  lock  bedding  machine,  and  about 
2000  revolutions  per  minute  in  the  shaping  machine. 

The  Ghairuan  enquired  what  was  the  cost  of  a  complete  set  of 
the  gnnstock  machinery ;  and  how  the  gunstock  was  adjusted  with  the 
required  accuracy  to  its  proper  position  in  the  several  machines,  so 
that  each  machine  should  follow  and  take  up  the  work  correctly  from 
the  preceding  one. 

Mr.  Qresnwood  said  the  cost  of  a  set  of  the  machines  complete 
with  all  accessories  would  be  about  £8000  for  producing  500 
ganstocks  per  week.  The  machines  were  all  arranged  in  a  row,  so 
that  the  work  was  passed  on  from  one  to  another  successively 
throughout  the  entire  series  ;  and  one  considerable  difficulty  that  had 
been  met  with  was  to  get  some  simple  and  efficient  means  of  readily 
fixing  the  gunstock  in  its  proper  position  in  each  machine,  so  as  to 
ensure  exact  correspondence  in  the  shaping  of  all  the  stocks.  The 
first  four  operations  consisted  simply  in  reducing  the  original  wood 
blank  roughly  to  the  shape  of  the  stock,  and  no  accuracy  of  adjustment 
was  needed  in  them  ;  but  in  the  fifth  operation,  termed  '*  spotting," 
the  accuracy  commenced,  the  '^  spots  "  or  flat  places  cut  on  each  side 
of  the  stock  in  this  operation  being  portions  of  one  plane  and  forming 
the  basis  of  adjustment  for  the  sixth  operation,  in  which  the  groove 
was  cut  for  the  barrel,  the  stock  being  fixed  in  the  proper  position  in 
the  machine  by  means  of  the  '^  spots  "  previously  cut  on  it.  The 
barrel  groove  then  became  the  basis  for  all  the  subsequent  operations, 
each   machine    having  a  mandril  exactly  corresponding  with   the 

V  2 


336  OUH8T00K   MAOHIHKET. 

gunbarrel,  upon  which  the  stock  was  readily  slid  endways,  and  poshed 
home  to  the  squared  end  of  the  groove,  and  then  fixed  in  its  place. 

The  Chairman  enquired  what  amoant  of  wear  there  was  upon  the 
prindpal  bearings  of  the  lock  bedding  machine,  and  how  they  weie 

kept  in  repair. 

Mr.  Greenwood  replied  that  there  would  be  no  difficulty  in 
keeping  the  bearings  completely  in  order,  as  all  the  bashes  were  of 
hardened  steel,  and  the  work  was  fitted  with  sach  aocoraqr  that  the 
circalar  cage  and  the  drill  slides  were  moved  easily  by  a  light  touch. 
The  drill  spindles  had  a  conical  neck  at  the  bottom  end,  running  in  a 
conical  steel  bush  hung  on  centres,  and  the  top  end  of  the  spindle  rao 
in  a  parallel  bush,  with  a  loose  collar  that  took  the  end  thrust  of  the 
drill,  so  that  the  spindle  was  kept  perfectly  firee  and  ran  veiy  smooth 
and  steady,  without  any  strain  under  the  high  speed  at  which  it  was 
driven  ;  a  lock  nut  at  the  upper  end  gave  the  means  of  taking  up  the 
wear  of  the  conical  bearing  at  bottom  and  the  collar  at  top.  The 
small  driving  friction  rollers  at  the  top  of  the  drill  spindles  were  made 
of  ebonite,  vulcanised  india-rubber  with  an  extra  quantity  of  scdphor 
in  it,  which  was  a  very  hard  and  durable  material,  well  adapted  for 
the  purpose. 

Mr.  F.  J.  Bramwell  asked  whether  that  mode  of  driving  the 
drill,  by  means  of  a  friction  roller  driven  by  contact  with  the  central 
driving  drum,  did  not  make  the  drill  slide  less  easy  to  move  laterally : 
he  remembered  in  the  machines  made  by  the  Ames  Companj  a 
separate  strap  with  fast  and  loose  pulleys  to  each  drill  spindle  was 
used  in  similar  cases,  that  the  movement  of  the  drill  slide  might  not 
be  hindered  by  the  friction. 

Mr.  Greenwood  said  the  tendency  of  the  driving  drum  to  carry 
the  drill  slide  round  with  it  did  not  produce  any  difficulty  in  working 
the  machine,  and  the  drill  slide  was  moved  in  either  direction  by  the 
handle  with  the  greatest  ease  and  lightness;  and  when  the  handle  was 
let  go  the  slide  was  raised  by  the  spring  behind,  and  the  friction  rolier 
thereby  lifted  out  of  contact  with  the  driyiDg  drum.  With  a  separate 
strap  to  each  drill  there  was  the  objection  that  each  strap  had  to  be 
thrown  in  and  out  of  gear  successively ;  and  the  plan  now  adopted  had 
therefore  the  advantage  of  greater  simplicity  and  fr.cility  of  working. 
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Mr.  F.  J.  Brahwbll  observed  that  the  advantage  in  machine 
work  was  very  great  in  the  facility  and  rapidity  of  fitting  the  work 
together,  on  account  of  all  the  parts  being  strictly  accurate  as 
duplicates ;  and  the  price  and  time  of  putting  a  gun  together  complete 
would  give  the  best  idea  of  the  perfect  uniformity  and  finish  with 
which  the  several  portions  of  the  work  were  produced  by  the 
machinery.  He  understood  that  the  cost  of  putting  together  at 
Enfield  was  now  reduced  to  only  l^d.  each,  since  all  the  parts  were 
exact  duplicates  of  one  another ,  in  consequence  of  being  made  by 
machinery.  He  enquired  what  was  the  time  occupied  in  putting  each 
gun  together  complete,  when  made  by  machinery. 

Mr.  Grebitwood  replied  that  the  time  required  for  putting 
together  a  gun  was  now  only  six  minutes,  including  the  ramrod, 
bayonet,  and  oiling  over  the  stock.  The  lock  was  finished  and  put 
together  beforehand  ready  for  the  workman,  and  the  screw  holes  being 
ready  drilled  in  the  stock  all  he  had  to  do  was  to  put  it  into  the  recess 
in  the  stock  and  screw  it  in.  All  the  other  parts  of  the  gun  furniture 
were  taken  up  promiscuously  from  a  lot  of  each  sort,  and  put  into 
the  stock,  and  the  only  tool  used  by  the  workman  was  a  hand  brace 
with  a  screwdriver  in  it. 

Mr.  J.  Fbrnie  observed  that  he  had  been  much  interested  in 
seeing  the  machinery  at  Enfield,  and  thought  the  lock  bedding 
machine  now  exhibited  was  a  very  beautiful  specimen  of  machinery 
and  a  decided  improvement  upon  the  machine  used  there,  as  it  had  no 
loose  straps  in  connexion  with  the  several  drills,  in  consequence  of  the 
drills  being  driven  by  friction  rollers  by  the  central  driving  drum, 
and  it  was  altogether  a  better  arranged  machine.  The  mode  of 
compensating  for  the  wear  of  the  drills,  by  fixing  each  drill  miAi  an 
eccentric  shank  in  an  eccentric  socket  in  the  drill  spindle,  was  also  an 
ingenious  contrivance,  affording  the  means  of  maintaining  constantly 
the  correct  size  of  the  cutter  and  ensuring  perfect  accuracy  of  work,  by 
turning  the  drill  round  a  little  in  the  socket  when  its  diameter  had 
become  reduced  by  sharpening.  A  shaping  machine  similar  in 
principle  to  that  exhibited  for  shaping  t^e  outside  of  the  stock  had 
been  employed  for  some  time  at  Derby  for  shaping  wood  spokes  for 
carriage  wheels,  by  means  of  revolving  cutters  copying  from  a  pattern. 
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He  enqtiired  whftt  sort  of  copying  lathe  was  nsed  for  tanking  the  bntt 
end  of  the  stock,  and  how  the  polishing  of  the  stock  was  done  to  finish 
it  ready  for  use. 

Mr.  Grbbnwood  replied  that  the  stock  was  merely  rubbed  with 
sand  paper  to  remove  the  slight  ronghness  of  the  surface  left  by  the 
grooving  action  of  the  cutters  ;  and  it  was  then  polished  by  hand  in 
the  ordinary  manner.  The  lathe  for  turning  the  bntt  end  of  the  stock 
was  one  of  the  ordinary  Blanchard  copying  lathes,  the  invention  of 
which,  though  generally  supposed  to  belong  to  America,  reaUy 
belonged  to  South  Staffordshire,  the  lathe  having  he  believed  been 
originally  invented  by  a  gentleman  named  Rigg,  living  not  far  from 
Birmingham,  for  the  purpose  of  turning  shoe  lasts  ;  the  invention  was 
afterwards  taken  out  to  America,  whence  it  returned  again  to  this 
country  under  its  present  name  of  the  Blanchard  lathe,  and  was  now 
employed  veiy  extensively  in  large  numbers  of  manufactures. 

Mr.  F.  J.  Bramwbll  remembered  having  seen  a  lathe  with  a 
revolving  cutter  mounted  on  an  oscillating  frame  in  the  Adelaide 
Gallery  in  London  about  25  years  ago,  which  copied  from  a  complete 
iron  pattern  of  the  required  shape,  and  was  capable  of  undercutting  to 
a  certain  extent ;  and  the  same  principle  had  been  applied  in  Jordsn'B 
wood  carving  machine.  In  ordinary  wood- working  machines  howerer 
the  work  produced  was  not  required  to  fit  together :  but  in  the 
gunstock  machinery  now  described  absolute  truth  of  workmanship  was 
necessary,  so  that  the  several  parts  of  the  gun  might  fit  in  the  stock 
with  perfect  accuracy. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Greenwood,  which 
was  passed,  for  his  paper  and  for  the  machines  and  the  complete  set  of 
specimens  of  the  gunstocks  that  he  had  exhibited. 


The  following  paper  was  then  read  : — 
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DESCRIPTION  OF  A 
HYDRAULIC   SHEARS   AND   PUNCH. 


Bt  Mb.  JAMES  TAKGYE,  OF  Bibminqhah. 


The  object  of  this  Hydraulic  Shears  is  to  afford  the  means  of 
readily  cutting  large  sections  of  bar  iron  or  railway  rails,  with  the 
power  of  one  man  only,  and  with  a  machine  of  simple  and  compact 
construction. 

This  shears  is  shown  in  Figs.  1  and  2,  Plate  93,  and  consists  of  a 
strong  vertical  cast  iron  frame  A  A,  divided  in  the  centre  horizontally, 
in  the  upper  half  of  which  the  upper  shear  blade  B  is  fixed ;  and  a 
short  hydraulic  press  C  is  cast  in  the  lower  half  of  the  frame,  having 
the  lower  shear  blade  D  fixed  upon  the  top  of  the  ram  of  the  press, 
which  is  10  inches  diameter  with  8  inches  length  of  stroke.  The 
upper  and  lower  castings  of  the  frame  are  secured  together  by  two 
bolts  B  £,  8  inches  diameter.  The  box  F  bolted  upon  the  side  of  the 
cylinder  contains  the  force  pump  G,  and  serves  as  the  reservoir  for  the 
water  of  the  pump.  The  pump  is  worked  by  the  lever  H,  and  consists 
of  a  single  brass  casting,  shown  enlarged  to  half  full  size  in  Fig.  5, 
Plate  94.  This  pump  is  screwed  into  its  place  in  the  side  of  the 
hydraulic  press  C,  and  contains  a  small  conical  suction  valve  I  and 
delivery  valve  K,  J  inch  diameter,  held  down  to  their  seats  by  spiral 
springs.  A  small  wire  gauze  guard  is  fixed  over  the  outside  of  the 
inlet  and  outlet  openings  of  the  pump,  to  prevent  any  dirt  from  getting 
into  the  press  cylinder.  The  plunger  L,  |  inch  diameter  and  IjJ  inch 
stroke,  is  continued  backwards  to  work  in  a  guide  socket  in  the  end  of 
the  reservoir  F,  and  a  tongue  M  on  the  shaft  of  the  hand  lever  H 
works  in  a  square  slot  in  the  plunger  rod. 

The  shear  blade  D,  Figs.  1  and  2,  Plate  98,  is  lowered  after  the 
cut  by  means  of  a  self-acting  motion 'connected  with  the  force  pxunp 
lever.     The  length  of  stroke  of  the  lever  is  limited  in  ordinary 
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working  by  a  stop  pin  fixed  on  the  side  of  the  dstem,  which  catches 
the  lever  at  the  bottom  of  its  stroke ;  bat  by  shifting  the  lever  J  inch 
outwards  npon  the  squared  end  of  the  shaft,  it  is  made  to  clear  this 
stop  pin,  and  is  pushed  down  into  a  lower  position.  The  tongoe 
working  the  plunger  then  advances  to  the  position  M,  Fig.  5,  Plate  94, 
its  ordinary  working  limits  being  the  two  dotted  positions  0  0.  The 
prolonged  end  of  the  plunger  then  reaches  the  delivery  valve  K  of  the 
pump  and  presses  it  open,  allowing  the  water  to  flow  back  firom  the 
press  cylinder  into  the  pump ;  and  at  the  same  time  the  water  is 
allowed  to  flow  through  the  centre  of  the  plunger  by  a  hole  driUed 
through  the  entire  length  of  the  plunger.  This  hole  is  closed  at  the 
outer  end  by  a  conical  escape  valve  F  opening  outwards,  which  is  kept 
shut  in  ordinary  working  by  the  tongue  M  of  the  hand  lever ;  but  when 
the  lever  is  depressed  below  the  stop  for  lowering  the  shears,  a  recess 
in  the  tongue  is  brought  over  the  head  of  the  escape  valve  P,  allowing 
the  valve  to  be  forced  back  from  its  seat  by  the  water  pressure, 
and  leaving  a  passage  open  for  the  water  to  escape  through  the  hole  in 
the  plunger  back  into  the  cistern.  The  act  of  raising  the  hand  lerer 
again  into  its  working  position  closes  the  escape  valve  P  and  keeps  it 
shut  during  the  working  of  the  pump.  A  second  force  pump  of  larger 
size,  with  2  inches  diameter  of  ram,  is  used  to  bring  up  the  shears 
quickly  to  the  work  to  be  cut. 

With  this  shears  a  bar  of  wrought  iron  3  inches  square  is  readily 
cut  by  one  man,  the  time  required  being  about  2^  minutes.  Different 
sizes  of  the  shears  are  made  for  cutting  bars  up  to  3^  inches  square ; 
the  smaller  sizes  of  bars  being  cut  off  several  at  a  time. 

This  hydraulic  shears  is  found  very  useful  in  iron  warehouses  for 
cutting  large  bars,  where  the  power  of  only  one  or  two  men  is  available ; 
and  also  on  railways  for  cutting  the  rails,  for  which  purpose  the  shears 
can  be  readily  carried  on  an  ordinary  platelayer^s  lorry,  no  other 
foundation  being  required,  and  the  whole  weight  being  only  14  cwts. 
In  the  case  of  cutting  rails,  the  shear  blades  are  made  of  the  same 
shape  as  the  outline  of  the  two  sides  of  the  rail,  as  shown  in 
Figs.  1  and  2,  Plate  93,  so  as  to  cut  the  whole  section  at  once  and 
make  a  clean  square  cut. 
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The  Hydraulic  FnDch,  shown  in  Figs.  3  and  4,  Plate  94,  is  of 
similar  construction  to  the  shears  already  described,  only  inverted  in 
arrangement,  having  the  fixed  die  A  at  the  bottom,  and  the  punch  B 
fixed  on  the  end  of  the  inverted  ram  0  of  the  hydraulic  press, 
which  is  6  inches  diameter  with  2  inches  length  of  stroke.  The 
box  F  containing  the  force  pump  G  and  reservoir  of  water  is  fixed  on 
the  side  of  the  press  cylinder  at  the  top.  The  punch  is  withdrawn 
quickly  after  the  stroke  by  means  of  the  spiral  spring  E  pulling  up 
the  ram;  the' water  being  allowed  to  escape  back  from  the  press 
cylinder  to  the  cistern  through,  the  centre  of  the  plunger  by  the  same 
means  as  in  the  shears  already  described. 

With  this  punch  a  hole  1  inch  diameter  is  punched  in  a  J  inch  iron 
plate,  with  the  power  of  one  man  in  about  half  a  minute.  The 
machine  is  very  portable,  the  total  weight  being  only  4^  cwts.  ;  and 
it  has  been  applied  with  advantage  to  punching  the  holes  for  fish  bolts 
in  railway  rails,  as  shown  in  Figs.  3  and  4,  Plate  94.  A  successful 
application  of  this  machine  has  also  been  made  to  the  manufacture  of 
horse  shoes,  by  punching  them  out  cold,  with  the  holes  and  countersink 
complete  at  one  operation. 

The  Hydraulic  Lifting  Jack,  shown  in  Figs.  6,  7,  and  8,  Plate  95, 
is  constructed  on  the  same  plan  as  the  shears  and  punch  before 
described,  as  regards  the  force  pump  G,  shown  enlarged  to  half  full 
size  in  Fig.  9.  The  jack  consists  of  an  inverted  hydraulic  press  A, 
the  ram  of  which  C  forms  the  foot  upon  which  the  jack  stands,  and  the 
pump  G  and  reservoir  of  water  F  are  fixed  on  the  opposite  end  of  the 
press  cylinder,  and  form  the  head  of  the  jack.  The  ram  G  is  of 
wrought  iron,  3^  inches  diameter  and  12  inches  length  of  stroke,  with 
the  foot  forged  upon  it;  and  the  press  cylinder  A  is  formed  of  a 
hammered  wrought 'iron  bar,  bored  out  of  the  solid,  leaving  |  inch 
thickness  of  metal  for  the  sides  of  the  cylinder.  A  claw  B  is  forged 
on  one  side  of  the  cylinder  at  the  bottom,  for  the  purpose  of  using  the 
jack  to  lift  from  the  bottom  when  required.  The  head  F  forming 
the  reservoir  of  water  is  of  malleable  cast  iron,  fixed  upon  the  top  end 
of  the  cylinder  by  being  bored  out  a  tight  fit  and  pressed  on  up  to  a 
shoulder. 
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The  jack  is  lowered  by  similar  means  to  that  preyionslj  described 
for  the  shears  and  punch  ;  except  that  instead  of  the  water  escaping 
through  the  planger  L,  Fig.  9,  Plate  95,  the  suction  yalye  I  is  forced 
open  by  the  same  movement  that  presses  open  the  delirery  yalve  K  bj 
means  of  a  small  inclined  plane  upon  the  prolonged  end  of  the 
plunger  L,  which  passes  through  an  eye  in  the  stalk  of  the  suctioa 
valre  I,  and  draws  back  the  valve  from  its  seat  directly  after  the 
delivery  valve  K  has  been  pressed  open,  allowing  the  water  to  flow 
back  into  the  reservoir  in  the  contrary  direction  to  the  ordinaiy 
working. 

The  ram  of  the  jack  is  packed  with  a  cupped  leather  D,  shown 
black  in  Fig.  6,  Plate  95,  resting  in  a  hollow  -^  inch  deep  turned  in 
the  top  of  the  ram.  These  leathers  have  been  found  thoroughly 
successful  in  standing  the  pressure  and  wear,  the  same  leathers  having 
been  in  regular  work  for  several  years  without  requiring  renewal. 
The  force  pump  plunger  L  in  the  lifting  jack  and  also  in  the  shears 
and  pmich  is  packed  with  a  narrow  strip  of  leather  -^  inch  wide, 
coiled  round  spirally  in  a  groove  turned  near  the  bottom  of  the 
plunger,  as  shown  in  Figs.  5  and  9,  with  the  ends  of  the  strip  bevilled 
oflf  to  fill  up  the  groove  close. 

The  hydraulic  jack  shown  in  Plate  95  is  for  lifting  30  tons,  and 
several  different  sizes  are  made  for  weights  from  4  to  60  tons.  The 
head  of  the  jack  is  prevented  from  turning  round  by  a  sliding  blodc 
working  in  a  longitudinal  groove  E  in  the  ram  ;  but  by  withdrawing 
the  screw  that  fixes  the  block  the  head  is  allowed  to  turn  freely  irith 
the  load  upon  it.  The  hydraulic  jack  is  convenient  for  use  with  heary 
weights,  from  the  great  power  obtained,  one  man  being  able  to  lift 
readily  30  tons  and  upwards  ;  and  from  the  lightness  of  construction, 
the  30  ton  jack  weighing  only  about  1|  cwts.  At  the  same  time  the 
loss  of  power  from  friction  is  comparatively  small  ;  and  the  sihaII 
extent  of  wear  to  which  the  working  parts  are  subjected  gives  great 
durability  and  freedom  from  risk  of  derangement. 
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Mr.  Takotb  exhibited  a  specimen  of  the  hydraulic  lifting  jack  and 
of  the  force  pnmp  need  in  the  hydranlic  shears  and  punch,  together 
with  specimens  of  bars  and  rails  sheared  and  punched  by  them.  He 
explained  that  the  shearing  machine  was  a  modification  of  the 
hydratdic  shearing  press  described  at  a  former  meeting  of  the 
Institution  in  1858,  the  present  shears  and  punch  being  made  much 
smaller  and  lighter,  so  as  to  be  easily  portable  and  to  giye  the  means 
of  readily  shearing  or  punching  bars  or  rails  by  the  power  of  one  man. 

The  Chaibhak  enquired  whether  any  of  the  hydraulic  shears  were 
in  Use  on  railways  for  cutting  rails. 

Hr.  Tanqtb  replied  that  two  or  three  hydraulic  shears  were  at 
work  on  railways  for  that  purpose,  the  first  haying  been  applied  about 
two  years  ago;  and  some  were  employed  in  iron  warehouses  for  cutting 
the  bars  of  iron,  one  haying  been  in  use  now  for  fiye  years. 

Mr.  G.  M.  MiLLBB  thought  the  shears  would  be  a  useful  and 
convenient  machine  for  use  on  a  railway,  particularly  on  curves  where 
the  joints  of  the  inner  rail  overtook  those  of  the  outer,  so  that  every 
third  or  fourth  rail  on  the  inner  side  had  to  be  cut  shorter,  in  order  to 
bring  the  joints  opposite  each  other  and  keep  the  sleepers  square 
across  the  line ;  but  he  thought  it  would  be  desirable  to  get  a 
smoother  cut  than  was  shown  in  the  rails  exhibited.  He  enquired 
whether  the  rails  were  sheared  cold,  and  how  the  cutters  were  found 
to  stand  the  work. 

Mr.  Takgtb  said  the  rails  were  sheared  cold,  and  the  cutters  stood 
well  when  of  proper  quality  of  steel.  Several  thousands  of  cuts  had 
been  made  with  the  machine  first  constructed,  without  the  cutters 
requiring  renewal  yet;  and  a  machine  of  the  size  shown  in  the 
drawings  was  strong  enough  for  cutting  bars  of  iron  3  inches  square. 
The  sheared  rails  exhibited  were  not  favourable  specimens  of  the  cut 
made  by  the  machine,  the  cutters  not  having  been  good  in  this  case  ; 
but  the  machine  generally  sheared  tolerably  smooth,  leaving  the  ends 
of  the  rails  quite  ready  to  go  together  without  any  labour  of  dressing 
fhem  off  for  the  purpose. 

The  Chaibman  asked  whether  the  hydraulic  lifting  jack  had  been 
in  use  for  any  length  of  time. 
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Mr.  Tanotb  replied  that  in  its  present  form,  with  the  fofoe  pomp 
snd  reseryoir  of  water  contained  inside  the  head  of  the  jaek,  it  had 
been  in  use  about  eight  months ;  but  a  previous  make,  Bunilsr  in 
construction  but  having  the  pump  outside  the  jack,  had  been  in  lue 
for  five  years.  About  200  of  the  jacks  had  already  been  made  of 
various  sizes. 

Mr.  D.  Jot  observed  that  some  delicacy  of  adjustment  appetied 
to  be  necessary  in  the  stud  at  the  bottom  of  the  foioe  pump  plonger, 
if  it  were  required  to  open  both  the  valves  simultaneously  for  lowering 
the  jack ;  and  he  enquired  whether  those  parts  of  the  pump  liad 
proved  durable  in  working. 

Mr.  Tahoyb  explained  that  the  two  valves  were  not  required  to  be 
opened  at  the  same  instant,  but  it  was  only  necessary  to  ensure  thtt 
the  lower  or  delivery  valve  was  opened  by  the  stud  before  the  suction 
valve.  The  valves  and  worldng  parts,  though  small  in  size,  were 
made  very  durable  :  their  durability  had  been  severely  tested  by  three 
days'  constant  work,  raising  and  lowering  a  weight  of  3  tons  three  or 
four  times  in  a  minute  continuously,  which  gave  the  jack  as  much 
work  as  it  was  likely  to  have  to  do  in  twelve  months ;  and  at  the  end 
of  the  trial  all  the  working  parts  were  found  in  as  good  conditi<Hi 
as  at  first. 

The  Ohairhav  enquired  what  was  the  weight  of  the  small  sized 
jack  exhibited,  and  what  load  it  would  lift. 

Mr.  Tahoye  said  the  small  jack  exhibited  weighed  60  Ibe.  snd 
was  intended  for  lifting  4  tons  load ;  the  jack  shown  in  the  drawings 
weighed  150  lbs.  and  would  lift  30  tons. 

Mr.  G.  M.  MiLLBB  asked  whether  the  reservoir  ever  wanted  filling 
with  water  again,  and  what  means  there  was  of  replenishing  it. 

Mr.  TAsavs  said  that  sometimes  a  little  leakage  took  place  if  the 
cupped  leather  had  been  allowed  to  get  dry  by  the  jack  standing 
unused  for  a  length  of  time  without  a  full  supply  of  water ;  bat  after 
the  leather  had  been  soaked  for  a  few  minutes  it  became  quite  water- 
tight again.  The  reservoir  was  easily  filled  at  any  time  throQgfa  a 
plug  hole  in  the  jack  head,  or  by  turning  the  jack  upside  down  and 
drawing  out  the  ram ;  and  when  the  jack  was  kept  fully  charged  with 
water,  the  leather  was  always  moist  and  in  working  order.    There  was 
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no  difficulty  in  keeping  the  jacks  always  full  of  water,  and  they  were 
usually  sapplied  ready  filled  with  water;  but  some  jacks  sent  to 
St.  Petersburg  had  been  sent  empty,  to  prevent  any  risk  of  the  water 
freezing  and  bursting  them. 

Mr.  O.  M.  MiLLBB  enquired  whether  the  jacks  were  ever  worked 
with  oil  instead  of  water,  and  whether  the  water  had  to  be  let  out  of 
the  jacks  in  frosty  weather  in  this  country. 

Mr.  Tangtb  said  the  jacks  were  usually  worked  with  water  made 
soft  with  soap  and  oil ;  sometimes  in  winter  they  were  filled  with  oil, 
to  avoid  risk  of  freezing  in  the  most  severe  weather,  but  he  had  not 
heard  of  any  instance  of  a  jack  being  burst  by  the  frost. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Tangye  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 
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Pressure  of  steam,  tn  hoUers  \7  lbs.         58  Reralutiatis  per   Tninuie 
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3ito         Hg-.  14.     hidiciUor     Diagram,    tram     Boltom    of   cylinder        ii„ 
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^      Pig-.i,5.   ImUeator   Diagram,     from     ettjwiM    of    'Wilber force '  (838.   ;; 

VatTium.  in.     condensers     Z8     inches  of  mercury.  « 

rrrsixiTe  of  steam,  m  boilers  6  lbs.  L*)  R^'olutums  per  minutt .     i. 

5  Ctitinders  &}  intkrs  diam,.,    6  feet  stroke.. 

■^  jfc.  Menn    effective    nressurr    16:i  lbs.     oer   saitare    wi^fr,  lb, 
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CORNISH      PUMPING      ENGINES. 


Fig". I.    ionffitudinal     Section,      of    Engine 
at    East    London     Water     Works. 


Scale  'jlMf" 
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CORNISH    PUMriNC     ENGINES. 


Fig:.  2  .    Transverse     Section,     of     Engini 
at     East     loridon     Water      Workt, 


ScaU  '/no'*- 
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Total      Ft  essure  ,       Ihs.     per      s  qitare        t'ri  c  h . 
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Fressure      above      atmosphere  ,       lbs 


per    square    inch.        f 


CORNrSH      PUMPING      ENGINES.  Phtteti. 

bitiirator        lhaifrums       /rain       Ti     inik     rylimler. 
Total     Load    equal     fo    15    Ihs.  prr   aquiire     inch   on  thf  piston 
Actual      length    of     stroke       9P     7;     iits. 

Fig-.  4 .      Steam,       nut       off     at     ^     stroke. 


Fig".  5  .     Steam       cut      off     at     -g-      stroht. 


Fig-,  6  .     Sffam       cut        off        at     j      stroke. 


'/tw-ffrf/njH  In-rt.  K.E  .  186?.  Tagr  1471 


CORNISH      PUMPING      ENGINES.  I'l„u4i. 

bidienfoT        Diaffranui       from        Tl     inch,     cijh'uf/fr. 
Total     Load    fquai     tn    15   Ihs.  jirr   aqui^rf     inrh   on  the  piston 
Actual      hnfftk    of     stroke       9  f^     Iz     ins. 

Fig".  4  .       Steam        cut        off      at      f      stroke. 


Fig-.  5  .      Steam        cut       off      at     -^       stroke. 


Fig-.  6  .      rSYftim       cut        off        at     j      stroke 


rftKffrf/nj,,  iB,rt.  if.E  .  1S62.  Fagc  HI) 


CORNISH     rUMPING      ENCINE5.  FluU44. 

IndAcator     Dittgrwnvs       from.     72     inch,    cylintler. 


Tolnl     Load,    ftjuttl    to    15  Ihs,   per   square,    inch   i 
Aci.util    lf,ngtk     of    stroke   9  ft.    7t"    in 


tkf,    jastort. 


Uf.  Fig-.  8 .      Strom.        cut        off       lU        -j-        stroke. 
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CORNISH      PUMPING      EN&INES.  Platc4i. 

Vigf,  10.     Indicator      Diagram,      from        80      iruLh      cylinder. 
Total     Load     equal    to   H'38  Um.  per     square   iiwk.  on,  the  piston 
Sltam,    eu4.  ofi'at  j  stroke.        Actual     Itngth    of  stroke  9ft. 9 ins. 


Fig-.  It  .   huliiiitor      Piagram,       froin,      90      inch     cylinder. 

Tot/H    J.ond-   egual  to   JSSS  (/)*■.  per   stfuare  indi  on  the  piston-, 
itmm  cut  off  iiti  stroke. .      Actual    UnytA,  of  stroke.   lOA    Tins. 


Fiy,  I? .     hidieutor      Diagram,       from,      100   vkA      cylinder. 

Total    Load,  .equal    io     16  aS  Itu.   per    square    tack  or,  tJie  piston,.     ^ 
Slfom     eut      'iff    at    ^    stroke.      Actual     length     nt    stroke     lift-.       8 
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ROPE        MANUFACTURE. 

fly  19   Front       tlUyt,!, 


(P'„r^.l,„^,     /„.,        W  K       ,fl^;.     /.„,j^   170, 


flOrE  MANUFACTURE. 


i  notfpdLwigi     Inrr     U  E    JBtiX.    Hi^r 


ROPE        MANUFACTURE. 


ROPE      MANUFACTURE.  ■fl»(,.;7. 

Fig-.^4.    Frtibu-rg         'iuiprat.on      Bri,lye         Ciihlf  1835 


-.29.         Firil.     Flat     Wire      Rope.  1836.  Fifi-.-W. 


i 


Fig-,31,      Sf!ca«d     Flat      ff>-T-e.      R«pe .      1837.  Fig-,  s:;. 
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ROPE        MANUFACTURE. 


Plate  oi). 


IhidduriH       IIYrc        Rope       Machine 


Fig*. 40.  Vertical  Section. 
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ROPE        MANUFACTURE. 


SUBMARINE      TELEGRAPH      CABLES. 


i,fi. 


aempH^ 
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SUBMARINE      TELEGRAPH      CABLES.       fKOe.  6i. 
Fig,  4.     S^f/xxia.    a^u/    Conrtro       1854-. 


Rg6    Afinvr/Yc     1857. 


Bg.8, 
Toulon    and  Algiers,  li 


Red  Sea  1859. 


(ProftedMi^*  Tmf    MEW^SPiifZlL)    Smle  d^UjIf  AiUsl 


SUBMARINE     TeLE&RAPH       CABLES.       . 

_  „  rtate  65. 

angUtnd,     a.mi     liolleimd/    t8B2. 
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SUBMARINE    TELE&RAPH     CABLES.  Pintf  66. 

Pig.ll.    Jsle    a/*  Wan.       1859. 


ChaltertoTis     Cah\e       1862.  j-        jj 

AUonii   Cable.   1862. 


of     A(t(W!'j   CabJe. 
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DOUBLE         CYLINDER       ENGINES. 
Thuireih:aJ'    Dvagram-s     of     Cctnporaiiyt     Jniiu'/-     Blow 

and-   Motive'       Force,       Uiroughovi      stroke'. 
T  in.  SingU'      and,    DouhU,     Cyhnder  .  Enxiiiut 


(Tig.  3  I  Deuhle,     ijt-anaer    J^niaifu.  |  ' 

Sf'tifii    cut  I  off  dc    (JJ  aSj    sfrbke-     tt-  smail   tylf 
I   InifiitZ    £l)fnv     I'^O    fewjat      fffkajr    wLfei't  fffrrA 


(PrfcrtJJfvff  Injt.  M.E.    imX.  Page  21-2.) 


DOUBLE      CYLINDER      ENGINES.  vlnU70. 

Fi^.l.  Double   Cylinder  Pumping    Engine j   aZ   LatnheBi'  Water  Works. 
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DOUBLE       CYLINDER        EN&INE5.  V.Oeli. 

Ycrtic.aX       Section,     of     Cytindtrs     lauh     Yaive . 


tBvcn^iiujs  biM.H.E. me'i  .  Fage  239  ) 


DOUBLE       CYLINDER      ENGINES.         PtaUJZ. 

Fig.  3.    SecUonal    Phuv 
Uvroiuglv    sttcunv     port    of    Larg&    cylinder 


Fig.  4.  ScciCoruil     Plcurv 
through     slc-anv    port    of    SrruM  cylinder. 
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DOUBLE       CYLINDER      ENGINES.  FUitrV-I 

Indicator   Diagrams    front    LamJitih.    Wafer     Worhi    Engines. 

Fig. 8.     Indtcaier    J)iit,grams     taken.     simuJlantotitXy 
frnrn.    BeUom-  of  Small   ryliniier  and     Top  of  Zarac  r^ylin/hr. 

^-^-  [--7-7--]      p—j-- r  -  ■,  --f-* 


Fig",  9,       Induaier     Diofframi     taken     sirrujliana/usfy  j 

Aaw.  Top  of  Small    cylinder    and    BofUm.   of  large.   (.yUeuifr  \^ 
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DOUBLE        CYLINDER      ENGINES.        PUiIa  7S. 


Fiff.ll.    InMc-aifr   Hiagrajn,  fi-em. 


(FnradOi^  /njt  M.£.  1862.  Fagr.  253.) 
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PACKING         FOR         PISTONS.  PlaU  80. 

LeconwUve     Engine.     Pi-^toiv    wifk    Slf^J      Pariing  Bings. 


Fig.V    £lfvahfn. 
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PACKING         FOR        PISTONS.  PlateSl. 

Leccmolivt    En/jine,    Ptst&fL    tvifk    Brcus   Pfidujui  Riivas 


Fig.  6.     EUvaiion,. 
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PACKING        FOR       PISTONS.  PlaJ:«82. 


Fig,  11.      Elfvaii<-n.    showing    Jor^,     of    Pa.rkiji^     Rin^s. 
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PACKING        FOR        PISTONS.  Plaif.  S3. 


Fig-H  Single -axhng      I \Pianp   Bucket      .Scale,  '/s"*" 


Fi^.l4.    Gf^nd     Packing    for     Pump        Plxm^er.     ScaUf*^ 
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MACHINERY. 


PlaU  S4. 


LOCK      BEDDING     MACHINE. 
Fi  g.  1.     Front    EhyaJbiotv. 


ScnU'!l2^ 
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CUNSTOCK         MACHINERY. 
LOCK   BEDDING      MACHI ffE. 
Fig,  2,      Sidx.     Ulevaiicn.,     partly     xecti^on^. 


ScoXf'  'jli^ 
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GUNSTOCK       MACHINERY. 


FlaU  86. 


LOCK    BEDDING     MACHINE. 


fig.  3.    Plan^. 
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GUNSTOCK  MACHINERY.  Plfth,H7. 

LOCK      BEDDING      MA  CHINE. 

fig.  4.     Trmb      Ehvaiien.  ■  of     Drill    SM^. 
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GUNSTOCK        MACHINERY. 

LOCK    BEDDING      MACHINE. 
Verticdb    Stctiort    of    Drill    SlCdc. 


Piatt  88. 


JJImefuj. 
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OUNSTOCK        MACHJNERY 


PlaUQl 


MACHINE  FOR     SHAPING     OUNSTOCK    BETWEEN    BANDS. 
f  i  g.  9 .     Traits  verse      SerU^Tv . 
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HYDRAULtC       PUNCH.  p,f,f,  y^ 

Fiff.3.     Transvtrst SetibMii..        Fiff.4.  Leij^Uudinal  Stciwn', 


Sa.k'llo'^tL. 


ScaU  half  ttM  si. 


